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The  U.S.      potato  industry  during   the  past  two  decades 
experienced  dramatic  economic  cnangss  in  both  its  structural 
and  market   equilibrium  characteristics.     Exogenous  and 
endogenous  forces  interacted  to   shape  these  transformations 
within  the  industry. 

The   primary  objectives   of   this   study  wsre   (a) 
development   of  an   econometric  model   that  captured   and 
explained  the  adjustments  noted  above,  (b)   determination  of 
the  future  of   the  industry,   and  (<:}    evaluation  of  the 
impacts  of  policy   variables  ou  the  industry.     &  sixteen 
equation  simultaneous  system  was  developed   and  estimated 
using  three   stags  least   squares  (3SL3' .    Because  high 

till 


correlation  was   noted  among   many  variables,    principal 
components  ware  derived  froa  the  original  variables  and  used 
in   tne   first   and    second   stages   of   estimation. 
Identification  of   the  endogenous  variables   estimated  with 
principal  components   was  maintained   by   carrying   the 
endogenous  parts  of  the   principal  components  as  additional 
equations  in  the  system. 

The  empirical  results  indicate   a  relationship  between 
the  structural  and  market  equilibrium  characteristics,   but 
not  always   a  direct  relationship.    Increased   demand  for 
processed  potatoes,  for  example,   served  not  to  increase  but 
to  decrease  the  number   of  plants   or  firms   processing 
potatoes,    As  firms  left  the  industry,  concentration  among 
the  top   four  potato  processors  increased.     The  results 
further   iniicata   increased  advertising   intensity   with 
increased  concentration.    Empirical  results  for  the  demands 
for  fresh  and   processed   potatoes   indicate  a   strong 
preference  by  consumers  for   processed  over  fresh  potatoes. 
The  retail   price  of  fresh   potatoes  has  little   impact  on 
demands  for  either  fresh  oc  processed  potatoes.   Demands  for 
both  fresh  and  processed  potatoes,   on  the  other  hand,   are 
influenced  by  the  price  of  processed  potatoes. 

The  quantified  model  was  used   to  both  forecast  supply, 
demand,  and  structural  changes  through  1900  and  to  study  the 
sensitivity  of  the  industry   to  specific  exogenous  changes, 
Explicit  policy  issues  weire  identified  and  simulated. 
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CHAPTER  I 
IBTECDOCTION 


Product  Characteristics 


agricultural   commodities  are   bought   and  sold   in 
markets.    These   markets  are   in  essence   a  system   of 
communication   for   transmitting  consumers'   demands   to 
producers  and  producers1  supplies  to  consumers.   During  this 
communication,  market  prices  are  established  which,  in  turn, 
become  the  primary  medium  of  communication  between  producers 
and  consumers.    A  single  price  may  be  established  for  those 
commodities  produced  and  sold   in  closely  defined  geographic 
areas   whore   buyers  and   sellers   are   in   immediate 
communication  with  each  other.    Multiple  prices,   however, 
most  often  characterize  those   commodities  which  are  bought 
ana  sold  in  widely  dispersed  geographic  areas  where  intimate 
communication  between  buyers  and  sellers  is  absent. 

Potatoes,  tne  commodity  of  interest  in  this  study,   are 
characterized  by  multiple  prices  with  respect  to  time,  place 
and  form.    liven  a  perfect  market  for  potatoes,   that  is, 
"all  buyers  and  sellers  in   it  have  perfect   knowledge  of 
demand,   supply,   and  prices  and   act  rationally  upon  that 
knowledge  .  .  .   the  pricu  differential  in  time,  place,  and 
form  would  be  equivalent  to  the  corresponding  differences  in 
costs"  (Shephard  and  Futrell,  p.   24)  .    Given  that  perfect 


2 

markets   for   potatoes   do   not      exist,       one    would   expect   soma 
disparity    between    price    and      production  cost.         Price-cost 
disparity      may      be      due    to      incomplete      or      inaccurate 
information,       the   existence    of    market      power   by   buyers   and 
sellers,      preferences   on    the    part     of   buyers    for   particular 
commodities,    risk    and    uncertainty    regarding    the    future,      and 
so   forth.  To   the   extent   that      price-cost    differentials 

exist,      economic    resources   are   allocated    in   a    nonoptimal    or 
inefficient   manner. 

Price   discovery    with    respect    to   product   form    will    be    of 
considerable   interest   in    this   study      as    fresh   and    processed 
potatoes      are    analyzed.  Ideally,         one    would      expect 

competition  in    the    potato  market    to      equate    the   net    value    of 
processed   potatoes,      less   processing   cost,      to    the    price    of 
fresh    potatoes.         This  ideal    situation      may    be   inhibited    by 
several    market    imperfections.         Among    these   are    processors' 
market    power,         potato   growers1      incomplete    knowledge      of 
processing   cost,         negotiated  contract      prices   for      fresh 
potatoes,        advertising      persuasion,         and      consumers' 
susceptibility    to    fancied   product   differentiation. 

D:mand    and  .Supply 

The   supply    of    potatoes    in    the    U.S.    is    limited    primarily 
by   demand   constraints.         Potato      producers   have   continually 
had    to      restrict      their   acreage    as      t ochnological    advances 
have   greatly    augmented   yields.      Average   yields   per   acre   have 
increased   from    153    hundredweights    (cwt)       in    1950    to    262    cwt 
in    1980,       an    annual   increase      of    2.3    percent;      acreage    in 
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production  has   declined  1   percent  annually  since  1950. 
Total  consumption   ci  potatoes  also   has  increased   by  an 
annual  rate  of   2.3  percent  since  1950.     And  while  total 
increases  in  demand  and  supply   have  been  moderate,   there 
have  been   dramatic  shifts   in  supply   areas  and   supply 
utilization. 

Historically,   potato  production  in  the  Northeast  has 
been  a  song  the  highest  in  the  nation,   with  Maine  being  the 
primary  producing  state.    In  1950,  for  example,  29  percent 
of  U.S.  potato  production  occurred  in  the  Northeast;  average 
yields  were  2  12   cwt  as  opposed  to  197  cwt   in  the  Pacific 
Northwest,  the  major  competitor  of  the  Northeast  (Tables  1.1 
and  1.2).    By  1980,   average   yields  in  tne  Northeast  had 
incr-ased  to  236  cwt  while   its  production  amounted  to  only 
14  percent  of  O.S.   total.    By  contrast,  average  yields  in 
the  Pacific  Northwest  had  risen  from   197  cwt  in  1950  to  331 
cwt  in  1980;   production  as  a  percentage  of  U.S.   total  had 
risen  froiu  17.6   percent  to  47  percent,     These  relative 
changes  together   with  those   occurring  in   other  regions 
increased  U.S.   total  production  from   259.  1  million  cwt  in 
1950  to  302.8  million  cwt  in  1980.   This  1980  production  was 
considerably  below  1979  production  of  342.5  million  cwt,  nnd 
even  further   below  1978  production   of  3b5.2   million  cwt 
(Taole  1.3).   The  low  potato  production  of  1980  coupled  with 
an  inelastic  demand  for  potatoes  generated  net  farm  income 
to  potato  producers   far  in  excess  of   the  income  generated 
the  previous  two  years.    This   higher  income  resulted  from 
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Table    1.3 — Potatoes:       Total    U.S.    Production    aad    Prices,     1950-82 


Percentage   Change   from    Previous    Year 


Tear  Production        average  Farm 

Price 


Production 


Price 


million/cwt 

Dollars/cwt 

Percent 

19  50 

259.0 

1.50 

3.6 

-28.6 

1951 

195.8 

2.68 

-24.  4 

78.7 

1952 

211.  1 

3.21 

7.8 

19.8 

19  53 

231.7 

1.31 

9.8 

-59.2 

1954 

219.5 

2.  15 

-5.3 

64.  1 

1955 

227.7 

1.77 

3.7 

-17.7 

1956 

245.8 

2.02 

7.9 

14.  1 

1957 

242.5 

1.91 

-1.3 

-5.  4 

1958 

266.9 

1.31 

10.  1 

-31.4 

1959 

245.3 

2.27 

-8.  1 

73.3 

1960 

257.  1 

2,00 

4.8 

-11.9 

1961 

293.2 

1.36 

14.0 

-32.0 

1962 

264.5 

1.67 

-9.8 

22.  8 

1963 

271.2 

1  .78 

2.5 

6.  6 

1964 

242.  1 

3.50 

-11.  1 

96.6 

1965 

291.1 

2.53 

20.7 

-27.7 

1966 

307.2 

2.05 

5.5 

-19.0 

1967 

305.0 

1.87 

-0.7 

-8.7 

1968 

295.4 

2.23 

-3.  1 

19.3 

1969 

312.4 

2.23 

5.7 

0 

1970 

325.7 

2.20 

4.2 

-1.3 

1971 

319.3 

1.90 

-2.0 

-13.  6 

1972 

296.4 

3.01 

-7.2 

58.4 

1973 

300.0 

4.89 

1.  2 

6  2.  4 

1974 

342.4 

4.01 

14.  1 

-18.0 

1975 

322.3 

4.48 

-5.9 

11.7 

1976 

357.7 

3.59 

11.0 

-19.9 

1977 

355.3 

3.55 

-.7 

-1.  1 

1978 

366.3 

3.38 

3.  1 

-4.8 

1979 

342.5 

3.43 

-6.5 

1.5 

1980 

302.9 

6.55 

-1  1.6 

91.0 

1981 

338.6 

5.41 

11.8 

-17.  4 

1982 

349.3 

4.45 

3.2 

-17.7 

Source;      Vegetade   Outlook    and   Situation,    0SBA,    July,    1933. 
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average  potato  prices  of  $6.55  per  cwt  in  1980  as  opposed  to 
$3.40  for  1978-79  (Table  1.3). 

Just  as  dramatic  as  the  supply  shifts  from  the  Northeast 
to  the  Pacific  Northwest  are   changes  in  utilization  of  this 
supply.    Processed  potatoes  (chips,   dehydrated,   frozen, 
etc.),    while  comprising   6   percent   ct  total   potato 
consumption  in  1950,   rose  to   61  percent  in  1980.    This 
represents   an  increase   in   per   capita  consumption   of 
processed  potatoes  from  6.3  pounds   to  64.4  pounds,   fresh- 
weiyht   equivalent.    Bj  way   of  comparison,   fresh  potato 
consumption  declined  during  this  period   from  100  pounds  to 
51.1  founds  per  capita. 

From  1950  to  1965,   increases  in  per  capita  consumption 
of  processed  potatoes   just  offset  declines  in   per  capita 
consumption  of  fresh.    Since  1965,   per  capita  consumption 
increases  of  processed  potatoes   have  more  than  compensated 
tor  the  decline   ot  fresh  consumption,   yielding   a  steady 
increase  in  total   per  capita  consumption.    Much   of  this 
increase  can  be   attributed  to  tne  growing   consumption  of 
irozen  potato   products,   primarily  frozen   french  fries. 
Whereas  per  capita  consumption   of  frozen  potatoes  amounted 
to  14.3   pounds  in   1965,   this   total  had   increased  to 
approximately  40   pounds  in   1980.    frozen   french  fries 
comprised  83  percent,  roughly  33    pounds,  of  this  1980  frozen 
potato  consumption. 

It  should  be  emphasized  that   some  growth  of  the  potato 
industry   occurred  even   during  the   1950-65  period   when 
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increases  in   per  capita  consumption  of   processed  potatoes 
were  virtually  offset  by  declines   in  per  capita  consumption 
of  fresh.     Growth  occurred  as  total   quantities  consumed 
increased  with   population  growth.     Continued  population 
growth  coupled   with  more  than  offsetting   quantities  going 
into  processed  potatoes  since  1965   has  accelerated  the  rate 
of  growth  of  tae  industry. 

Stgagtural  Attributes  Within_the  Potato  Market 

Structural  attributes   are  those  forces   or  conditions 
either  inside   or  outside   a  market   which  influence   the 
behavior  of  firms  and  ultimately  market  performance.    Since 
demand  and   supply  are  the   crucial  elements  of   a  market, 
structural  attributes  of  significance   must  influence  th^se 
elements  (Cochrane,  1957).   Tnis  section  will  focus  on  those 
attributes  within   the  processed   potato  market   that  are 
influencing  or  can  influence  the   performance  of  the  potato 
industry. 

a  comprehensive  list  of   structural  attributes  relevant 
to  agricultural   commodities  has  been  provided   by  Cochrane 
(1957).   other  authors,  Bain  (1942),  Lanzillotti  (1960),  and 
Clodius  and   Mueller  (1961),    have  alsc   provided  fairly 
comprehensive  discussions  of   structural  attributes.    This 
discussion,   however,    follows  Cochrane    most  closely. 
According  to   Cochrane,   seven  structural   attributes  are 
pertinent  to   agricultural  narkets:     (1)    number   of 
operators,    (2)     product   homogeneity  or   product 
differentiation,  (3)   product  durability,  (4)    bulkiness  of 
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product    in    relation    to   its    value,       (^)         ratio   of    overhead 
costs    to    variable    cosfs,     (6)         continuity   and    length    of    the 
production    process,    and    (7)  adequacy   of   grade   description 

for    buying   and    selling.         Each      of    these   attributes    will    be 
considered   for    its    relevance    to    the    potato    industry. 

Cochrane     (1957)      argues    that   the      fewer   the    number   of 
operators,      the   greater    the    likelihood    cl    market   collusior. 
Firms    recognize    that      one   firm   could   reduce      its    price    and 
affect    the   sales    of    others.       Consequently,    recognizing    their 
int3rlependence ,    they   arc    likely    to    collude     (either    formally 
or    tacitly)       on    price   and    the   probability   of    this   collusion 
increases  as   the    nuaber    of    operators   decreases.       Bain     (1942) 
and   Lanzillotti    (1960)       argue    that    other   factors   such   as    the 
number  and   degree    of   concentration    among    buyers    and   the   size 
distribution   of      firms   in      relation    to      number    are      also 
significant      in      determining    the      likelihood      of      market 
collusion.        Clodius  and    Mueller    (1961)       emphasize    that    the 
interdependence      of      structural      attributes      cannot      be 
considered    independently.    They  argue    that    firms,    when    few    in 
numbers,      are    likely    to    differentiate   their    product   and    use 
non-price   competition   instead    of   price    collusion. 

As   suggestive      of    market      influence,       the      number   of 
operators   in      th3    potato   industry  has      declined   continually 
since    the    1969's.         This    loss      of   operators   is   reflected    in 
the    loss   oi    operating    plants,      although      there   may    not    be    a 
one-to-one  correspondence.      The    number    of    potato   chip    plants 
has   declined      from    400      in    1960    to      roughly    177      in    1930. 
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Frozen  plants  declined  from  97  in  1964  to  only  19  in  1980,  a 
decrease  of  80  percent.    Reversing  this  trend  is  the  number 
of  dehydrated  plants;   available  statistics  show  an  increase 
from  28  in  1964  to  33    in  1980.    This  increase  probably  has 
resulted  from  the  entry  of  potato  chip  and  frozen  processors 
into  potato  dehydration  as   thay  recognized  the  feasibility 
of  processing   dehydrated  products  from   potatoes  otherwise 
unsuitable  for  chips  or  frozen  products. 

Seductions  in  tne   number  of  plants  and   operators  are 
believed   to  have   influenced   market   power  within   the 
industry.   Frito-Layf  the  largest  processor  of  potato  chips, 
reportedly  increased  its  market  share   from  20.9  percent  in 
1970  to  31  percent  in   1982  (Warwick,   1971;   Snack  Food, 
1982).    Wise,  the  second  largest  processor  of  potato  chips, 
purchased  several  smaller  chip  processors   in  1980  and  these 
acquisitions  are   expected  to   increase  its   market  share. 
While  the  national  market  share  of   Wise  is  not  known,   it 
supposedly  controls  more   than  50  percent  of   the  market  in 
the  New  York  metropolitan  area,    and  a  larger  market  share 
than  Frito-Lay  all   dlony  the  east  coast   (Warwick,   1971; 
Snack  Food,  1982).    The  frozen  potato  market  is  equally  if 
not  more  concentrated  than  the   chipping  market.    One  firm 
alone,  Ore-Ida,   currently  controls  54  percent  of  the  retail 
market  tor  frozen  potatoes.   (Quick  Frozen  Foods,  May  1Q82)  . 
And  although  the  retail  market  represents  only  24  percent  of 
the  total  market  for  frozen  potatoes,    this  same  firm  is  a 
major  supplier  to  the  institutional  market.    The  number  one 
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and   three    frozen   potato   processors,    J. 5.      Simpiot    and    Lamb- 
Weston      respectively,      control      a      major     share   of      the 
institutional    market. 

As   suggested    in    tha      theoretical    framework    developed    by 
Clodius    and   Mueller,      potato    processors,      recognizing    their 
numbers  a nd      market   shares,      have  ostensibly      resorted    to 
product    iif ferentiation   as   a    means   of   increasing    their   sales 
and    profits.  Ls    product   differentiation    undoubtedly   has, 

in    effect,      become    a   form  of      conduct    to   further    reduce    the 
number   of      operators.         Because      there    is      limited   buyer 
concentration    in    the    retail      market,      consumers   apparently 
have    little      countervailing    power.         Hhile   the      number   of 
potato   processors    may    be   relatively      large,      it    seems    that 
their      size      distribution      may   be      the      most      important 
determinant         of      their        conduct      and        performance 
(Lanzillotti, 1960) . 

Product      differentiation      in    the      processed      potato 
industry   could    have      changed    the    type    of      competition    from 
price   to    non-price      and    greatly    augmented    the      intensity   of 
this    non- price   competition.         This   would   be    consistent   with 
the      theoretical    argument      advanced      by   Cochrane.  The 

expansion    of    Ore-Tda   in    the      retail    frozen    potato    market    is 
an    excellnnt   example   of    this    non- price   competition.       Ore-Ida 
accounted   for    28    percent   of       retail    potato    sales    in    1967-68; 
by    198  1      tuis    share      had   increased    to      54    percent      as   the 
company    introduced      many   new    products    and      greatly    expanded 
its   advertising   expenditures   on    existing   products. 
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Although   product   differentiation   undoubtedly  has 
enhanced   the  degree   of   non-price   competition  in   the 
processed  potato  industry,  its  traditional  role  has  been  one 
of  maintaining   excess  profits   in  industries   through  its 
ability  to  act  as  an   effective  entry  barrier.    Consumers 
develop  preferences  for  particular  brands  and  continue  their 
consumption  of  these   brands  even  when  ether   lower  priced 
brands  of  similar  quality  are  available  (Comanor  and  Wilson, 
1967).   Nonprice  competition,  of  course,   is  a  method  firms 
frequently  use  to  maintain  this  consumer  loyalty. 

Cochrane  (1957)  argues  that  the  elasticity  of  supply  of 
an  agricultural  commodity  is  influenced   by  its  durability  . 
Of  all  vegetables,   potatoes  are  probably  the  most  durable. 
Fall  potatoes,  for  example,   can  be  stored  from  eight  to  ten 
months.    This   guality  of  potatoes  should   have  enhanced 
revenues  for  raw   potato  producers  and  contributed   to  more 
efficient  production   scheduling  for   processors.    Frozen 
potato  processors,   because   of  their  large  size   and  long 
operating  periods,    probably  benefit   the  most   from  the 
storability  of   raw  potatoes.    Processors   of  dehydrated 
potatoes  should  also  benefit  from  the  durability   of  fresh 
potatoes  but   to  a  lesser   extent  than   frozen  processors 
because   of  shorter   production   periods.    Potato   chip 
processors,   being  generally  small   with  limited  production 
periods,   probably   receive  the   least  benefit   from  the 
storability  of  potatoes. 
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The   durability  of   the  final   products  produced   by 
processors  influences   the  elasticity  of  supply   for  these 
products  and  ultimately  processors'  performan^  .   Dehydrated 
products  have   an  almost   unlimited  shelf   life.    Frozen 
potatoes  also  have   an  extended  life  out  storage   cost  is  a 
more   significant  factor   than   for  dehydrated   products. 
Potato  chips  have  a  limited  shelf  life  and  receive  excessive 
breakage  from   handling  and  transporting.     These  product 
characteristics   should  yield   a   rather  elastic   supply 
response  for  dehydrated  potatoes  and  somewhat  less  elastic 
responses  for  frozen  potatoes  and  chips. 

The  weight  of  fresh  potatoes  in  relation  to  their  value 
has  had  a   major  influence  on  the  current   structure  of  the 
processed  potato  industry.    Because   of  the  weight- losinq 
properties  of  potatoes,   processors  of  frozen  and  dehydrated 
potatoes   nave  located   their  plants   proximate  to   major 
production  areas.    This  minimizes   transportation  cost  as 
processed   products   have   higher   value/weight   ratios. 
Increasing  these  value/weight  ratios   expands  the  geographic 
area  over  which  these  products  will  be  utilized,   influences 
the  number   of  processors  and  ultimately   influences  the 
elasticity  of  demand  facing  processors  (Cochrane,  1957). 

Potato  chip   processors  have  received  limited   if  any 
benefits  from   the  weight-losing   properties  of   potatoes. 
This  results  because  minimum   product  distribution  costs  for 
potato  cnips  occur  from  plant  location  near  large  population 
centers  as  opposed  to  major  potato  producing  areas.    Plant 


14 

location  near   producing  areas   would  result   in  excessive 
product  breakage   as  chips   are  transported   to  consuming 
areas.    And  even  if  chips   did  not  experience  breakage  in 
transport,   their  bulkiness  relative   to  value  would  still 
make  plant  location  near   production  areas  nonoptimum  unless 
these  areas  corresponded  to  large  population  centers. 

According  to  Cochrane,   the  ratio  of  fixed  to  variable 
costs  is  a  net  determinant  of  supply  response  as  well  as  the 
slope  and  position   of  an  industry's  supply   curve.    This 
ratio,   although  currently  unknown,   is  hypothesized  to  be 
increasing   for  the   processed   potato  industry.     This 
hypothesis  arises  from   the  rate  of  exit   of  smaller  firms 
from  the  industry.    Larger  firms,  having  accelerated  their 
rate  of  adoption   of  new  processing  technology,    may  have 
raised   the  minimum   efficient   plant   size  beyond   that 
attainable  by  smaller  firms. 

The  length  of   the  production  period  in   the  processed 
potato  industry   is  directly   proportional  to    firm  size. 
Larger  firms  operate   more  hours  per  day  and   more  days  per 
year  than  other  firms  in  the  industry.   The  supply  curve  for 
processed  potato  products   is  therefore  more  elastic   as  a 
result   of   larger  firms  extended   production   periods 
(Cochrane,   1957).    It  is  of  interest  to  note  that  larger 
potato  processers  generally  face  a   constant  long  run  supply 
price  for  raw   potatoes.    Per  unit  variable  cost  remains 
fairly  constant  as  production   increases  because   larger 
processors  purchase  a  major  proportion  of  their  raw  potatoes 
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through  contracts  at  fixed  unit  cost.   Long-run  supply  price 
increases  significantly  only   when  processors  underestima t e 
requisite  quantities  and  have  to   make  sizable  purchases  en 
the  open  market  at  higher  than  contract  prices. 

Of  the  seven  major   structural  attributes  discussed  by 
Cochrane,   perhaps  none  is  more  applicable  for  the  processed 
potato   industry  than   the  adequacy   cf  grading.     Each 
processed  potato  product,   with   slight  exceptions  for  some 
denydrated  products,   is  best  produced  from  a  specific  grade 
and  quality   of  potato.    Contract  purchases   have  arisen 
partly  as  a  result  of   processors'  need  for  specific  quality 
characteristics  in   their  potatoes.    Once  the  processed 
products  are  produced,   grading  ceases   to  be  an  important 
structural  attcibute  as  grading  becomes   standardized  and 
consumers  make  purchases  by  package  size. 

Structural, Attributes  _  Outside  the  _ Potato  .Market 

Several  forces  external  to  the  potato  industry  have  had 
and  continue  to   nave  significant  effects  on   the  industry. 
Uncertainty  exists  as   to  whether  these  forces   are  pulling 
the  industry,  internal  forces  are  pushing  the  industry,   or 
both  sets  of  forces  are   interacting  to  propel  the  industry 
forward.    This  section  will  provide   a  brief  discussion  of 
the  following  external  forces  which  appear  to  be  significant 
in  altering  the  structure  of  the  potato  industry;    (1) 
changiny  consumers*  tastes,  (2)   growing  percentage  of  women 
in  the  labor  force,  (3)  increasing  population,   (4)   rising 
income,  and  (5)  increasing  away-f rom-home  food  consumption. 
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Changing  consumers'  taste  is  believed  to  have  played  a 
role  in   shifting  potato  consumption  from   its  fresh   to 
processed  form.    Quantitative  measurements   of  taste  being 
next  to  impossible,   only   gualitative  discussions  are  most 
often  provided.    Observations  on   potato  consumption  seem 
suggestive  of   changing  consumers1   taste.    Per  capita 
consumption  of   fresh  potatoes   in  19  10   amounted  to   198 
pounds;   it  declined  to  100  pounds  by  1950,  and  to  56  pounds 
by  1980.   Consumption  of  processed  potato  products,  however, 
increased  from  an   unmeasurable  amount  in  1910   to  6  pounds 
per  capita  in  1950,  and  then  to  62  pounds  in  1980. 

These   changing   consumption  patterns   are   not   in 
themselves  indications   of  changing  demand  as   supply  also 
could  have  changed.    Previous   studies  though  suggest  that 
there  have  indeed  been  changes  in  demand.   Scott  and  Mumford 
(1949)  attribute  these  changes  to  (1)   a  rising  standard  of 
living  associated  with  increasing  incomes,   (2)   increased 
availability  of  other  vegetables  and  a  desire  for  variety  in 
the  diet,   (3)    a  lesser  need  for   high-calorie  foods  in 
present  day  occupations,  and  (4)  progressive  urbanization  of 
the  U.S.   population.    Gray,  Sorenson,  and  Cochrane  (1954) 
ascribe   these  consumption   changes   to  (1)    declining 
immigration   of   people   accustomed   to   heavy   potato 
consumption,  (2)  the  flight  from  calories  explanation,   and 
(3)  variations  of  a  civilization  argument  which  suggests 
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that  modern  housekeppers  prefer  convenience  foods  requiring 
little  preparations,  and  modern  housewives  with  outsids  jobs 
have  little  time  for  meal  preparation. 

Because  much  time  has  elapsed   since  the  above  studies, 
flee  (1967)   suggests  that  the   enumerated  factors  are  less 
applicable  for  the   period  since  the  early   1960's.    Two 
additional  factors,    in  his  opinion,    have  had   a  more 
pronounced  effect:    (1)   the  discovery  and  dissemination  of 
factual  information   on  the  nutritional  value   of  potatoes, 
and  (2)     the  rapid  introduction  of   processed  potatoes. 
These  two  factors  along  with   those  enumerated  by  the  other 
authors  would   probably  prove   significant  in   explaining 
changing  potato  consumption   especially  before  the  decade  of 
the  1970's.    Since  1970,    four  factors  enumerated  in  the 
first  paragraph  of   this  section — growth  of  women   in  work 
force,   population,    income,   and   away-f r on-home  food 
consumption — probably   would   provide  more   insight   into 
changing  potato  consumption. 

The  growing  percentage  of  women   in  the  work  force  has 
served  to   alter   considerably  the  market  basket   of  goods 
consumed  Ly   Households.    Market   baskets  contain   more 
convenience  foods  as  households  have   less  time  to  devote  to 
meal  preparation.   Since  potato  processors  presently  perform 
many  of  the  services   traditionally  performed  by  women,   one 
would  hypothesize   a  relationship   between  consumption   of 
piocessed  potatoes  and   women  in  the  labor  force.   Available 
data  support   a  direct  relationship.     From  1950  to  1980, 
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women  in  the  work  force  increased  from  29,6  percent  to  42.4 
percpnt;  consumption  of  processed  potatoes  increased  during 
tl.is  period  from  6  percent  of  all  potatoes  consumed  to  6 1 
percent.  While  not  all  this  increase  has  been  due  to  women 
in  the  labor  force,  recent  studies  suggest  that  they  have 
accounted  for  a  significant  proportion  of  it  (Beilocir,  1981; 
Cardwell    and   Davis,    1980;    Estes,    1979). 

Population   jrowth    could      have   an    impact   on      the    potato 
industry    simply   by    providing      an    expanding    market.         During 
the    1950-65   period,       this   factor    seems    primarily    responsible 
for   increased    potato  consumption      as   per  capita   consumption 
remained   relatively   constant.         Many      potato   processors   are 
expecting   population  growth    to   provide   a   continued   source   of 
industry    expansion    as    they      focus   their  advertising    messages 
on   attracting    new    users   of    thsir    products.         Available    1931 
statistics   suggest      that   40    percent  of      American   households 
are   nonusers  of   the    major  processed   potato   product,      frozen 
potatoes.         If    comparable   rates      exist   for   other   products, 
current      nonusers    together      with      prospective    users      from 
population      growth      could   represent      significant      growth 
potential   for    the    processed    potato   industry. 

The    effect   of    rising   income      on   potato    consumption    has 
not   been    clearly    established.       A    study   conducted    by    the    V.3. 
Department      of      Agriculture     (1955)         found      a      positive 
relationship   between      potato   consumption   and      rising    income 
for    low-income    households,      but    a   negative   relationship   for 
high-incocie   households.         Shuffett    (1954)       found    an    income 
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elasticity  of  demand  for  potatoes   of  .42.    Most  studies, 
aowever,  have  found  a  very  weak  cr  no  income  effect.    Th 
relationships  have   been  established   primarily  tor  fresh 
potatoes  as   the   studies  were   conducted   before   ♦ha 
introduction  of  the  many  processed  forms.    In  a  more  recent 
study,  Estes  (1979)  found  an  income  elasticity  of  demand  ror 
processed  and  fresh   potatoes  of  .67  and   .11  respectively. 
With  processed  potatoes  becoming  an  increasing  proportion  of 
total  consumption,    rising  incomes   could  have   greater 
significance  for  the  potato  industry. 

A  close  parallel  to  the  income  elasticity  of  demand  for 
potatoes  is  the  income  elasticity   of  demand  for  away-from- 
home  food  consumption.    or   particular  significance  to  the 
potato  industry  is  the  rate   of  increase  of  food  consumption 
at  fast   food  establishments.    Consumption   of  processed 
potato  products,    particularly  frozen  french   fries,   is 

sieved  to  be  far   more  prevalent  at  fast   food   than  non- 
fast  food  establishments.     Available  statistics  indicate 
that  changes  in  food  consumption  at  fast  food  establishments 
have  greatly  outpaced  that   of  ncn-fast  food  establishments. 
Food  consumption   at  fast   food  establishments   increased 
between  1972  and  1977  at  an   annual  rate  of  10.3  percent  as 
compared  to   1.9  percent  for  non-fast   food  establishments 
(Table  1 .  '4)  .     Fast  food   expenditures  in   constant  1967 
dollars  have  increased   from  $1.1  oillion  in   1958  to  $10.4 
billion  in  1977,  an  increase  of  over  800  percent.   By  way  of 
comparison,  non-fast  food  expenditures  increased  during  this 
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periou  from  3  12,1  billion  to  317.3  billion,   an  increase  of 
U3  percent. 

Concep_t_of_Performance 
Market  structures  within  the   U.S.   are  quite  diverse, 
ranging  from   near  monopoly   to  almost   pure  competition. 
Within  tnese   structures,   there  are  recognized   levels  of 
performance.    However,   little  knowledge  exists  as  to  how 
various  structure  impact  performance   and,   in  turn,   are 
impacted  by  performance.    Similarly,  disagreement  exists  on 
the  recognition  and  measurement  of  performance.    As  used  in 
this  study,    performance  relates  to  (1)     stability  of 
margins;    (2)    profitability   or   production,    (3) 
progressiveness  of   the  industry,    and  (4)     growth  of 
production.    Applying  these  concepts  to  the  potato  industry 
requires   the   articulation  of   quantitative   measurement 
techniques. 

Criteria  for  Analyzing  Performance 
In  addition  to  the   aforementioned  performance  measures, 
other  measures   for  evaluating  performance  also   have  been 
proposed.   Some  of  these  include  (1)  differences  of  capacity 
utilization  from  available  capacity,  (2)  percentage  of  total 
■arket  held  by  to^  4,  8,  or  10  firms,  and  (3)  rate  of  change 
of  expenditures  on  advertising  and  research  and  development. 
Snile  each  of  these  measures  will  be  an  integral  part  of  the 
specified  econometric  model,    they  will  be  used   only  in 
conjunction  with  the  previously  specified  performance 
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concepts    to   evaluate   the    overall     performance  of   the   potato 
industry . 

Stability    of    margins   as   a    performance    measure    may    appear 
counter    to   the    ostensible      profit   maximization   objective   of 
firms,    but  its   use    here    is  intended   to    measure   the   extent    in 
which    larger   rirras      pass   on    cost   advantages    in     the   form   of 
lower    prices      and    subseguent    increased   output       (Collins    and 
Preston,       1959).  High    variability      in    price-cost    margins 

would   suggest      abnormally  high      prices   during      periods   of 
industry    adjustments.         Stability   of    margins,      on    the    ether 
hand,    would   suggest    profits,      but   the   absence   of   supernormal 
profits.      Thus,    the    variability    of    margins   is   one    measure    by 
which    performance    of    the    potato    industry    will   be    evaluated, 

Altnouga   a      positive    price-cost    margin      would    indicate 
profitability,      an   issue    of    concern      here   is  the   extent   to 
which    profits   have      been   enhanced  by    the     structure    of    the 
industry,        Hith  a    few      large   processors   controlling    large 
percentages  of      the   market      for   all      processed   forms      of 
potatoes,       it      met  y    be    hypothesized    that      these   processors' 
market    power   would      lead   to    some    discrepancy      between    price 
and   cost.         It    may    also      be    hypothesized    that   concentration 
among      institutional      rood   establishments      provides      some 
countervailing    power   for    those      products    which    are   market 
primarily    through       institutional    establishments.  Price, 

according    to   general   economic    theory,    would    be    determined    in 
accordance      with      the    relative      bargaining      strength      of 
respective   parties   in    the  absence  of   collusion.         If,      as   a 
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minimum,   Tacit   collusion  exists  between   processors  and 
institutional  buyers,    consumers  most   likely  would   be 
subjected  to  aiguer   prices  than  those  which   would  prevail 
under  countervailing  bargaining.   Lacking  information  on  the 
bargaining  power  of  respective   parties,   the  influence  of 
concentration  on  margins   will  be  used  as  a   measure  of  the 
extent  to  which  market  power  has  enhanced  profits, 

A  progressive  industry  may  be  defined  as  one  which  not 
only  meet-j  the  demands  of  consumers  but  also  influences  or 
shapes  these  demands.  An  industry  may  use  such  methods  as 
product  development,  pricing  techniques,  advertising,  and 
product  promotion.  As  quantitative  data  on  many  of  these 
efforts  are  not  available,  advertising  expenditures  will  be 
used  here  to  evaluate  the  progress! veness  of  the  potato 
industry. 

Analyzing  growth  as  a   performance  measure  probably  will 
require  some   relative  comparisons  of  the   potato  industry 
with  other  industries.    An  alternative  method  would  simply 
measure  the  growth  of  the  industry  in  terms  of  its  provision 
of  the  products  demanded  by   consumers,   that  is,   product 
availability.    If   the  industry  has  made   available  many 
products  with   efj-ici&nt  allocation  with  respect   to  time, 
place  and  form,  then  the  growth  rate  achieved  should  closely 
parallel  optimum  growth. 

Ge neral  Performance  of  Potato  Industry 
Potato   production   in  the   U.S.    has   increased 
considerably  during   the  past   three  decades — rising   from 
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259.1  mil.  cwt  in  1950  to  325.7  mil.  cwt  in  1970,  and  then 
falling    to     302.8    mil.      cwt      in    1980.  This   increased 

production    has   come    primarily      from    tremendous  increases   in 
yields   per  acre;      total   acreage      in    production   has   actually 
declined    from       1,679.9    thousand    acres      in    1950      to    1,154.5 
thousand     acres  in      1980,      a      decrease     of    32      percent. 
Utilization   of    this    potato      production    changed   considerably 
during    the    1950-80    period.       Whereas    nearly   all    potatoes    were 
consumed    in   their    fresh   form   in    1950,       less    than    four-tenths 
were   so   consumed   in    1980.         This    shifting    of    consumption    has 
greatly   altered    the    structure   of    the   potato   industry. 

Per    capita   consumption    of      fresh    potatoes   has   declined 
continually   since    1950.       Despite   this    continual   decline,    the 
rise    in   consumption    of    processed    potatoes   since    1965   has   led 
to  an    overall      increase    in    per   capita      consumption   of   total 
potatoes.        Besides  the    per      capita   consumption   decline   of 
fresh   potatoes,      there   also      has   been   a   decline   in   absolute 
consumption,       a   decline   from    242.8   mil.      cwt      in    1950    to   a 
1980    level   of    97.2    mil.    est.         The   consumption   of    processed 
potatoes      increased   during   this    period    from    16.3    mil.    cwt    to 
152.9    mil.    cwt. 

Potato  chips   were    the      dominant   processed   potato   product 
consumed    until    1965.         Since    1965,      the   volume    of    potatoes 
processed    into  frozen      potato   products   as    well      as    the    per 
capita   consumption    of    frozen      potatoes   has    greatly   exceeded 
tnat   of   chips.      Reflecting    back    it    may    be   recalled   that    1965 
was    approximately    the    time    that    total    per  capita   consumption 
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or  potatoes  began  to  cever.se   its  declining  trend.    Thus, 
despite  the   high  utilization   or  potatoes   in  chips   for 
earlier  periods,   it  should  be  clear  that  rising  consumption 
of   frozen  potatoes   has  played   a   significant  role   in 
generating  the   growth  needed   to  reverse   diminishing  per 
capita  consumption  of  potatoes. 

Next   to  frozen   french   fries   and  potato   chips, 
denydrated  potatoes  (largely  flakes  and  granules)  constitute 
the  third  largest  component  of  processed  potatoes.   In  fact, 
these  three  components  have   consistently  comprised  from  75 
to  87  percent  of  all  processed  potatoes.   While  the  guantity 
of  fresh  potatoes  channeled   into  dehydrated  potato  products 
has   risen  considerably   during  the   past  three   decades, 
dehydrated   products  as  a  percentage   of  all   processed 
potatoes   have  snown   no  consistent   pattern  of   change. 
Dehydrated  products  rose  from  an   unmeasurable  amount  of  all 
processed  potatoes  in  1950  to  17.1   percent  in  1960,   to  a 
high  of  23.1   percent  in  1976,   and  then   declined  to  18.  'i 
percent  in  1980.    Since  1965,    per  capita  consumption  of 
dehydrated  products  has  increased  from  7.0  pounds  in  1965  to 
a  high  of  14.5  pounds  in   1974,   declined  to  10,1  pounds  in 
1976,  and  then  rose  to  11.5  pounds  in  1980. 

Canned   potatoes  have   always   represented  a   small 
percentage  of   processed  potatoes.    Total  and   per  capita 
consumption  rose  continually,  although  minimally,   from  1950 
to  1974.    Since  1974,  per  capita  and  total  consumption  have 
remained  relatively  constant.    Starch  and  flour,  the  other 
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processed  potato   products,   are   no  longer   significant 
processed  potato  products.    The  amount  of  potatoes  used  in 

production  of  starch  and  flour   has  daclined  from  a  high 
of  20  million  crt  in  1961  to   a  1980  level  of  2  million  cwt, 
a  decline  of  90  percent,    These  changes  suggest  that  starch 
and  flour   are  residual   products  with   production  highly 
dependent  on   prices.    This  relationship  has   been  partlv 
confirmed  by  Hee  (1967)  as  he  found  the  elasticity  of  demand 
for  potatoes  used  in  starch   to  be  1.01.    This  elasticity 
estimate  suggests  that  starch   producing  plants  are  operated 
below   capacity  during   periods   of   low  production   and 
relatively  high  potato  prices,    but  these  plants  approach 
normal  capacity  as  production  increases  and  prices  fall. 

Despite  fluctuations  in  rue   patterns  of  consumption  of 
some  processed  forms  of  potatoes,  continual  increases  in  the 
consumption  of  frozen  potatoes  have  served  to  greatly  expand 
the  growtn  rate   of  processed  potatoes  rela+ive   to  that  of 
seven  major   processed  vegetables   (Figures  1.1   and  1.2), 
These  vegetables  are  asparagus,  cabbage,   cucumbers,   snap 
beans,  spinach,   sweet  corn,   and  tomatoes.    Although  the 
percentage  of   these  vegetables  going  into   processing  has 
always  exceeded  that  of  potatoes,    processed  potatoes  as  a 
percentage  of  all  potatoes  are  continually  increasing.    The 
processed   percentage   of   the   seven   major   processed 
vegetables,   on  the  other   hand,   is  decreasing.    Stated 
differently,  processed  potatoes  seem  to  be  more  readily 
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Figure  1.1.     Percent  Changes  in  Gonsunpticn  of  Processed  Vegetables 
with  Comparison  to  Potatoes 


28 


4- —  -i +  PROCESSED  VEGETABLES 

7--T--T  PROCESSED  POTRTOES 


O.S^j 

i 

1 

1 

i 

J 

0.  7  J 

i 


'^> 


0 .  S  J 


R   0.5- 

r 

E 
[•■I 
T 

U.4- 


0.3- 


1955 


-i — i — i — i — i — i — i- 
1960 


.  _.-*=■-* 


.+  • 


1965       1970 
TEAR 


1975 


1950 


Figure  1.2.   Changes  in  Consumption  of  Seven  Major  Processed 
Vegetables  with  Comparison  to  Potatoes 


29 
meeting      the   demands      £01   convenience      foods   than      other 
processed   vegetables. 

Relative      gains      of    processed      potatoes      on      other 
vegetables   have      resulted   largely      from   the      gains  frozen 
potatoes    have    made    on    other      frozen    vegetables     (Figure    1.3). 
Leading    the      growth    of    frozen      potatoes  are      frozen   french 
fries.         Presently,      frozen    fries   account    for   82    percent   of 
ail   frozen    potato   products;       they   account   for   53    percent   of 
all    frozen    vegetables;      and    thsy      are    consumed   at    more    than 
twice    the      rate   of    tue      seven    leading      frozen    vegetables. 
These    vegetables  are   broccoli,    carrots,      corn-on-cob,      cut 
corn,    green    beans,    green    peas,    and    spinach.         Frozen    trench 
fri-is    ii.    1980      constituted    30    percent    of     all  frozen    retail 
v^etables  and    65    percent      of    all   institutional   vegetables. 
Commercial    development    of   frozen    french   fries   began    in     19U7, 
and   as   the    preceding   discussion      suggests,      they    have   since 
shown    remarkable   growth. 

Problem    Statement 

Structural   changes   in   the    U.S.      economy    since   the    early 
1950*s   together    with      some    specific    to    the      potato    industry 
have   had   and      continue   to  have    significant      impacts   or.    the 
potato    industry.         Changes    include    (a)       an    increasing    deoand 
for    away-f rom-home    food   ccnsumpticn ,     (b)         a   changing    labor 
force   composition,  (c)         a    rapidly   expanding      fast    food 

industry,     (d)       a    rising    per    capita    income,     (e)       a    reduction 
in    household   size,    but   an   increase    in    number,    (f)         a    growth 
of    population,      and       (g)         a    change    in      consumers'    taste. 
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Figure  1.3.     Consumption  of  Frozen  Vegetables  with  Comparison 
to  Potatoes 
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Changes  specific  to  the  potato  industry  ace  {a)    a  falling 
demand  for  fresh  potatoes,   (b)     a  rising   demand  for 
processed  potatoes,   and  (c)    a  spatial  redistribution  of 
production,   both  raw  and  processed  forms.    As  a  result  of 
these  changes,  there  have  been  (a)    a  significant  shift  in 
the  utilization  of   potatoes  from  their  fresh   to  processed 
forms,   (b)     a  rapid   development  of   processed  potato 
products,   (c)     a  decrease   in  the   number  cf   potato 
processors,   but  an  increase  in   their  size,    (d)    a 
significant   increase   in  advertising   expenditures   for 
processed  potato  products,  and  (e)   an  expanding  expenditure 
of  funds  for  potato  research  and  development. 

Although  the  above  changes  are  well  recognized,   little 
knowledge  exists  as  to  how   these  external   and  internal 
forces   have  interacted   to   affect   the  structure   and 
performance  of  the  potato  industry.   Changes  external  to  the 
industry  could  have   precipitated  as  well  as  continued  the 
changing  structure  of  the   industry.    Under  this  scenario, 
the  industry  should  stabilize   when  these  forces  stabilize. 
Alternatively,   if  forces  internal  to  the  industry  have  been 
the  primary   determinants  of   change,   then   the  long-run 
stability  of  the  industry  becomes   dependent  upon  the  extent 
to  which  these  forces  continue  their  pattern  of  change. 

Structural  changes,  although  important,   are  secondary 
to   identifying  and   determining  the   performance  of   an 
industry.   Performanc3  generally  will  have  some  influence  on 
the  ultimate  structure   of  an  industry.    For   the  potato 
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industry,   performance  is  important  as   it  relates  to  three 
separate  but  not  necessarily  distinct  groups.    These  groups 
consist  c£     (1)   raw  potato  producers,   (2)    consumers  and, 
(3)   potato  processors. 

Haw  potato  producers,   having  an  increasing  percentage 
of  their   potatoes  purchased  through  contracts,    are  less 
dependent  on  the   direct  operation  of  the   forces  of  demand 
and   supply    in   determining   prices    and   revenue. 
Theoretically,   contract  purchases  should  have  reduced  price 
risk  to  growers  and,   under  certain  conditions,   increased 
their  cro.iitworthiness  as  these  contracts   may  be  used  as  a 
form  of  collateral  in  securing  business  loans.   This  reduced 
risk   and  increased   creditworthiness  could   come  at   the 
expense  of  total  revenue.    Such  trade-offs  must  be  analyzed 
from  the   perspective  of  the   overall  performance   of  the 
industry . 

Changes  in  the  potato   industry  have  provided  consumers 
with  more  anl   a  greater  variety  of  products   from  which  to 
choose.    Sony   economists  would  argue   that  this   has  to 
represent  an  increase   in  welfare  because  more   is  better. 
However,   if   we  equate   consumer  welfare   with  consumer 
surplus,   it  may  be  shown  that  more  and  a  greater  variety  of 
products  are  not  equivalent   to  a   gain  of   welfare  for 
consumers  when   these  products  are   supplied  at   prices  in 
excess  of  their  costs.   Consequently,  analysis  of  price-cost 
margins  is  one  standard  by   which  performances  of  the  potato 
industry  will  be  measured. 
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Potato  processors,   like  raw  potato  producers,   should 
have   experienced  seme   reduction  in   risk  from   contract 
purchases  as   this  netnod  of  acguisition  assures  available 
supplies  for  more  efficient   production  scheduling.    Sucn 
risk,   and  therefore  cost,   reduction  could  be  reflected  in 
prices  paid  for  raw  potatoes,   prices  paid  by  consumers  for 
processed  products,  processors'  profits,  or  some  combination 
of  these   elements.    Evaluating  the  impacts  of  contract 
purchases  on    various  industry   participants  may   be  best 
performed   by   determining  the   distribution   of   income 
resulting  from  the  changing  structure  and  performance  of  the 
potato  industry. 

In  summary,   the  problems  involve  the  determination  of 
those  factors  which   have  caused  the  transformation   of  the 
potato  industry,   and  then  measuring   the  impacts  of  these 
tactors  with  respect   to  time.    For  example,    it  may  > 
hypothesized  t  nat  variables  relating   directly  to  demand  and 
supply  will  have   a  more  immediate  effect   on  the  industry 
than  those  relating  to  structure  and  performance.    Thus,  an 
intrijuinij  aspect  of  this  study   will  involve  separating  out 
the  time  dimension   or  tne  impacts  of   both  endogenous  ard 
exogenous   factors.    A   related   problem  involves   the 
determination  of  the  future  of  the  industry.    This  problem 
will  be  addressed  by  deriving  the   reduced  form  of  the  model 
and  tiien  shocking   the  system  to  derermine   the  impacts  of 
these  shocks. 
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Hypotheses 

1.  Because   or  structural  changes  external   to  the 
potato  industry,  tLe  industry  has  evolved  front  an  elementary 
structure  with  nearly  all  potatoes   being  consumed  in  their 
raw  form  to  a  very  complex  structure  with  processed  products 
dominating  consumption. 

2.  Expenditures  on  research  and  development  by  large 
potato  processors  have  led  to   the  discovery  and  adoption  of 
new  processing  technology.    This  technology  has  raised  the 
minimum  efficient  plant  size  beyond   that  attainable  by  most 
small  firms,  thereby  causing  their  exit  from  the  industry. 

3.  The  potato  industry,  recognizing  and  responding  to 
demands  emana t  inj   rrom  external  changes,    has  undergone 
significant  internal  changes  in  accommodating  these  demands. 
These   internal  changes   have  altered   the  structure   and 
performance  of   the  industry;    continued  interaction   of 
structure  and  performance  should  serve   to  further  shape  the 
industry. 

4.  The   changing  structure  and  performance   of  the 
potato  industry   have  altered   the  distribution   of  income 
accruing  to  various  participants  within  the  industry. 

5.  Determining   the  direction  and  extent   of  future 
external   change   should   allow   for   the   simultaneous 
determination  of  the  future  structure  and  performance  of  the 
potato  industry. 

Cbjectiy_cs 

Many  factors  have  contributed  to  the  changing  structure 
and  performance  of  the  potato  industry  during  the  past  three 
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decades.   The  primary  objective  of  this  study  is  to  identify 
these  factors   and  evaluate   their  relative   impacts.    A 
corollary  of  tnis  objective,  of  course,   is  to  evaluate  the 
impacts   of  industry   changes  on   consumers  and   various 
participants  within  the  industry. 

Specific  objectives  necessary  to  the  accomplishment  of 
the  primary  objectives  are 

1.  Development   of  a   theoretical   model   which 
illustrates  now  the   potato  industry  could  be   affected  by 
various  exogenous  and  endogenous  factors. 

2.  Development  of  the   empirical  counterpart  to  the 
model  in  (1)   which  quantifies  the  effects  of  both  exogenous 
and  endogenous  factors. 

3.  Interpretation  of  the  empirical  results  in  terms  of 
the  impacts   industry  changes  have   had  on   consumers  and 
industry  participants. 

4.  Evaluation   of  the  ultimate  performance   of  the 
industry  in  lijht  of  the  developed  theoretical  model. 
Methodology  and  Sco^-j 

Sixteen  endogenous  and  twenty  exogenous   variable  are 
identified  to  explain  the  changing  structure  and  performance 
of  the  potato  industry.     These  variables  are  incorporated 
into  an  econometric  model  which   allows  for  a  simultaneous, 
two-way  relationship  between  the   structure  and  performance 
variables.     For   example,    the   structure   variable 
concentration   may   influence  the   performance   variable 
prof itability  while  profitability   simultaneously  influences 
concentration  as  well  as  other  structural  variables. 
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This   study  encompasses   all  raw   potatoes  and   all 
processed  xorais.   Processed  forms  have  been  grouped  together 
for  estimation  purposes.    For  example,   no  attempt  will  fce 
made  to  estimate  the  degree  of  concentration  in  the  chipping 
industry  separate  from  that  in   the  frozen  potato  industry. 
Aggregation  of  data  is  not   expected  to  distort  the  results 
as  all  product   forms  generally  have  exemplified   the  same 
trends  in  terms  of  suca  factors  as  concentration,  firm  si7e, 
number  of  firms,  and  advertising  expenditures. 

Once  the  econometric  model  has  been  estimated,   various 
simulations  will   be  performed  to  illustrate   the  industry 
response  to  certain  economic  shocks,   whether  endogenous  or 
exogenous.    Also,    the  model  will   be  used   to  provide 
projections  of  changes  over  time.     One  area  of  particular 
interest  is  to  simulate  the   industry  response  to  continued 
food  consumption  away-f rom-home. 

Subsequent  Chapters 
A   review  of   literature  applicable  to  the   potato 
industry  is  provided  in  Chapter  II.   This  review  is  followed 
by  a  brief  overview  of  the   potato  industry  in  Chapter  III. 
A   theoretical  model,    delineating   the  exogenous   and 
endogenous  variables  which  most   likely  impact  the  industry, 
is  developed  and  presented  in   Chapter  IV.    An  econometric 
model  is  developed  and  estimated  in  Chapter  V.   A  discussion 
of  the  econometric  technigues   and  problems  associated  with 
the  model  is  also  provided  in  this  chapter.   The  econometric 
results   are  discussed   in  Chapter   VI  in   light  of   the 
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theoretical  model  developed  in  Chapter  IV.    A  discussion  of 
the  uses  for   this  type  of  simultaneous   equation  system  is 
provided  in   Chapter  VII.    The   study  concludes   with  a 
discussion  of  policy  implications  in  Chapter  VIII. 


CHAPTER  II 
LITERATURE  SEVIEH 


Introduction 


ibis  chapter   will  provi  de   a  discussion   of  previous 
studies  of  the  potato  industry   for  the  purposes   of  (1) 
shedding  insights  on   the  approaches  and  results   of  other 
authors  and  (2)   providing  a   foundation  for  evaluating  the 
contribution  of  the   present  study.    Because  of   its  high 
value  as  a  farm  commodity ,    many  theoretical  and  empirical 
analyses  have   been  completed  on  potatoes.     This  review, 
however,  will  be  limited  to  econometric  studies  that  contain 
at  least  an  empirical  content  on  potatoes. 

Pre viqus  Studies 

The  econometric   studies  discussed  here  may   be  grouped 
iuto  three  categories:   (1)  comprehensive,  (2)   moderately 
comprehensive  and  (3)  least  comprehensive.    Studies  in  the 
last  category  are  so  classified  as  they  pertain  to  potatoes; 
these   studies  typically  addressed  several   agricultural 
commodities   but   with   no  indepth   analyses  of   any. 
Comprehensive  studies  include  the  work  of  Zusman  (1962),  He° 
(1967),  Estes  (1979),  Cardwell  and  Davis  (1980)   and  Beilock 
(1981).    Studies  by  Gray,  Sorenscn  and  Cochrane  (1954)  and 
Simmons   (1962),    while   classified   as   moderately 
comprehensive,    are   actually  comprenensive   in   their 
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theoretical  analyses,    but  less  comprehensive  in   their 
empirical  or   econometric  analyses.    The  studies   of  Fox 
(1953),   Shuffett  (1954)   and  Waugh  (1964)   estimated  the 
demand  and  price  structure  for   several  commodities  but  with 
no  specific  focus  on  potatoes.     A  discussion  of  these  ten 
studies   in  the   reverse  order   cf  their  classification 
follows. 

Least  Comprehensive  Studies 

Fox  (1953)    estimated  ceiaand   equations  for   several 
agricultural  commodities  using  single-eguat ion  least-sguares 
estimation.    He   suggested  that  this  procedures   was  most 
appropriate  for  potatoes,  since  the  price  for  any  given  year 
was  not  materially  affected  by  production,   consumer  income, 
or  supplies  of  competing  products.    Estimates  for  the  farm 
demand  equation   with  price   as  the   independent  variable 
showed  a  highly  inelastic  demand  with  respect  to  price  tut  a 
less  inelastic  demand  wth  respect  to  income.    Specifically, 
price  flexibility  coefficients  of  -3.51   and  1.20  were  found 
witn  respect  to  production  and  income,   respectively.    In 
addition,   the  author  concluded  that  elasticities  of  demand 
for  potatoes  at   the  iarm  and  retail   levels  were  probably 
equal.    He  also  found  tnat  98   percent  of  tne  variation  in 
farm  prices  of  potatoes  was   explained  by  changes  in  retail 
prices. 

Shuffett  (1954)  was  the  tirst  to  estimate  seasonal 
demands  fcr  potatoes.  The  total  U.S.  potato  crop  was 
divided  into  early  potatoes,    production  from   December 
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tnroujh  August,   and  late  potatoes,   production  during  the 
remaining  months,    Early  potatoes   comprised  an  average  of 
only  18  percent  of  production   for  the  1920-4  1  study  period; 
late  potatoes  represented  the   remaining  82  percent.    The 
motivation  for  separating  production  stemmed  from  the  nature 
of  the  product.   Early  potatoes  are  more  perishable  and  must 
be  moved  through  the  market  ucon  harvest.   late  potatoes,  on 
the  other  hand,   can  be   stored  and  therefore  marketed  mor^ 
orderly. 

Using  the  single-eguation  approach   as  justified  by  his 
predecessor,   Shuffett  found  the  demand  for  early  potatoes 
to  be   inelastic  but   less  inelastic   than  that   for  late 
potatoes.   The  cross  elasticity  for  early  potatoes  was  found 
to  be  less  than  the   direct-price  elasticity  assuming,   of 
course,   tuat  elasticities  are   derivable  as  reciprocals  of 
price  flexibility  coefficients.    This  suggested  that  while 
late  potatoes  do  compete  with  early  potatoes,   they  are  less 
than   perfect   substitutes.     The   income   flexibility 
coefficients  suggested  a  higher   income  elasticity  for  early 
than  late  potatoes.    Also,  like  his  predecessor,   Shuffett 
concluded  from  ais  attempts  to  calculate  price  elasticity  of 
demand  at  the  retail  level  that  it  was  probably  egual  to  its 
far a  level   value.    A   higner  retail   than  farm   level 
elasticity  was  actually  derived,    -.'40  versus  -.25,   but 
Shuffett  concluded  that  these  were  essentially  egual  because 
not  all  guantity  produced  moved  through  retail  channels. 
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Unlike  nis  predecessors,   iiaugh   (1964)   found  what  be 
considered  to   be  considerable   differences  between   price 
elasticities  at   tie  farm  and   retail  level.     In  fact, 
determining  differences  in  elasticities  for  farm  commodities 
at  the  farm  and  retail  levels   were  the  primary  focus  of  his 
study.    Using  a  1948-62  data  period,    he  found  that  a  1 
percent  increase  in  consumption  resulted  from  a  5.3  percent 
decrease  in  price  dt  the  larm   level  but  enly  a  2.6  percent 
decrease  at  the   retail  level.    It  should  ue   emphasized 
though  that   his  farm  level   demand  was  a   derived  demand, 
Wauyh  estimated  demand   at  the  retail  and   waclesale  levels 
and  then  estimated   farm  demand  as  the   difference  of  these 
demands.    Income  was   found  to  have  a   positive  effect  on 
retail  price   but  an  unexpected   negative  effect   on  farm 
price. 

To  recapitulate,   all  authors   used  the  single  equation 
approach  to   estimate  the  price   and  demand   structure  for 
potatoes.    Wauyh  (1964)   concluded  from  his  findings  that 
demand  was  far  more  elastic  at   the  retail  than  farm  level. 
Fox  (1953)  and  Shuffett  (1954),  on  the  other  hand,  concluded 
that  elasticities  at  the  tw c  levels  were  prcbably  egual.   In 
tneir  opinions,   an  appearance  of  a  higher  elasticity  at  the 
retail  level  resulted   because  the  quantity  used   to  derive 
this  measure  understated  actual   quantity.    In  estimating 
seasonal  demands  for  potatoes,   Shuffett  (1954)   found  some 
substitutability  between   early  and  late  potatoes,    but  a 
higher   preference  for  early   than   for  late   potatoes. 
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Positive  income   elasticities  were  found  for  all  estimated 
demand  equations,   tnough  for  a   derived  farm  level  demand 
equation,  laugh  found  a  negative  income  elasticity. 
Moderately  Comprehensive  Studies 

Guay,  Sorenson,  and  Cochrane  (1954)   developed  primarily 
a  theoretical  analysis  which  addressed  the  problems  of  price 
and  income  instability  for  potato  farmers.    These  problems, 
in  the  authors'  opinions,   resulted  from  demand  inelasticity 
for  potatoes  and   price  expectations  of  potato   farmers  (p. 
172).    That  is,    an  expected  high  price  led   to  a  large 
production  which,   in  turn,   led   to  low  prices  and  income 
because  of  the  inelastic  demand   for  potatoes.    Though  the 
authors  recognized  that  many   exogenous  factors  had  impacted 
the  potato  industry,   they  suggested  that  these  had  not  been 
the  major  cause  of  price  and  income  instability.    Even  if 
these  exogenous  rorces  continued,  the  authors  suggested  that 
income  and  price  stability  could   be  obtained  through  either 
controlling  production   or  influencing   the  elasticity   of 
demand.    Production  or  supplies  could  be  controlled,   for 
example,  through  acreage  allotment  or  marketing  orders.    A 
more  elastic  demand  could  be   obtained  through  various  price 
support  programs.   The  authors  discussed  the  merits  of  these 
stability  projraas  after  empirically  deriving  the  demand  and 
price  structure  for  potatoes. 

Unlike  their  predecessors,  the  authors  did  not  include 
income  as  a  relevant  explanatory  variable.  The  farm  price 
of  potatoes  was  estimated  as  a  function  of  consumption  and  a 
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trend  variable.     The  estimates  revealed  that   farm  price 
decreased  by   2.7  percent  for   each  1  percent   increase  in 
consumption.    Tne  trend  variables  revealed  that,   for  the 
1910-42  period,    the  declining  per  capita   consumption  of 
potatoes  had  not   be^n  completely  offset  by   the  growth  of 
population.    Estimates  for  a  previous  period,   1870-1900, 
showed  that   population  growth  had  increased   total  potato 
consumption  by   tnree  times  the   rate  cf  increase   in  per 
capita  consumption.   Witn  the  population  changing  at  similar 
rates  over  botn  data  periods,    the  autnors  concluded  that 
forces  which  could  precipitate   greater  instability  had  been 
introduce!  during   tne  latter   period.    To   contain  this 
instability,   the   authors  developed   several  theoretical 
arguments  which  encompassed  the  aforementioned  factors. 

Simmons  (1962)   also  developed   a  fairly  comprehensive 
theoretical  analysis  of  the   potato  industry.    He  stressed 
methods  or   ameliorating  price  and  income   instability  for 
potato  producers.   For  the  1950-61  period,  he  had  observed  a 
continuation  of   those  instability  measures  noted   by  Gray, 
Sorenjon  and  Cochrane  (1954).   Sinmons  emphasized  a  need  for 

government  and   the  potato   industry  to   superimpose 
additional  demands   upon  the   free  market   demand.    Cne 
suggested  method  of  imposing  an   industry  demand  was  through 
product  promotion,   a  measure   eventually  adopted  in  1973. 
Controlling  or  influencing  the  elasticity  of  demand,   in  his 
opinxon,  would  be  mere  effective  than  supply  management 
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because  much  variation   in  supply  is  due  to  uncontrollable 
factors  such  as  weatner  and  pests. 

While  both   Gray,   Sorenson  and  Cochrane   (1954)   and 
Simmons  (1962)   recognized  possible  differentials  in  supply- 
price  relationships  oy  seasons   and  geographic  areas,   only 
Simmons   attempted  to   capture  them   in  nis   econometric 
estimates.    He  estimated  four   seasonal  and  three  regional 
demand  eguations   witn  price   as  the   dependent  variable. 
Supply  equations  corresponding  to   each  demand  eguation  were 
also  estimated  with  acreage  as  the  dependent  variable.    In 
addition,   the   author  estimated  intraregional  demand  and 
supply  eguations  as  well  as   total  U.S.   demand  and  supply. 
Supply  was   found  to   be  inelastic   at  the   national  and 
regional  levels. 

Unlike  Shuffett   who  estimated  early  and   late  seasonal 
demands,   Simmons  divided  early  potatoes  into  three  groups: 
winter  and  early  spring,  late  spring,  and  early  summer.   For 
the  1950-61  data  period  of  this  study,   these  three  groups, 
in  the   order  in   which  they   are  listed,    represented 
respectively  3,  10  and  6  percent  of  total  production.    The 
remaining  81  percent  for  the  late  crop  was  essentially  equal 
to  its  level  for  the  1920-4  1   period  of  the  Shuffett  study. 
Tiie  demand  eguation   for  winter  and  early   spring  potatoes 
revealed  that  late  potatoes  were  very  competitive  with  them; 
in  fact,   a   1  percent  change  in  production   cf  winter  and 
early  spring  potatoes  had  a  smaller   effect  on  its  own  price 
than  that   of  a   1  percent  change   in  production   of  fall 
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potatoes.    These   effects  were   reversed  in   the  demand 
equation  for   late  spring  potatoes.    Because   cr  product 
perishacility ,   late   fall  potatoes   were  not   considered 
competitive  with   early  summer   potatoes.    Late   spring 
potatoes  though   were  considered   competitive  with   early 
summer  potatoes  and   they  were  found  to   nave  an  unexpected 
positive  impact  on  them.    However,  because  two  of  the  three 
parameter  estimates   in  this  equation   were  nonsignificant, 
the  authors  concluded  that   the  regression   results  were 
questionable. 

Estimates  tor  the   late  summer  and  fall   crop  revealed 
that  a  1   percent  change  in  its  production  resulted   in  a  5 
percent  decline  of   price  in  the  opposite   direction.    A 
nearly  identical   price  effect  was  found  for   total  U.S. 
production,   a  result  which  may   have  been  expected  as  the 
late  summer  and   fall  crop  represented  over   89  percent  of 
production.     Income  was   found  to   have  negative   tut 
nonsignir  icant  impacts  on  total  as   well  as  late  summer  and 
fall  demands,   a   finding  opposite  that  noted   in  previous 
studies.    The   -.21  price  elasticity  tor   total  potatoes, 
however,   was  fairly  consistent  with  that  found  by  Shuffett 
(1954),  tox  (1953)  and  later  observed  by  Hee  (1967). 

Separate  regional   demand  equations   for  the   eastern, 
central  and  western  regions  revealed  that  only  prices  in  the 
western  region   were  materially   influenced  by   production 
changes  in  competing  regions.    A   1  percent   change  in 
production  in  the  eastern  and  central  regions  resulted  in  an 
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opposite  change   in  prices  in  the   western  region   of  5 
percent.    The  author  concluded  that   prices  in  the  western 
region  were  influenced  by  production  in  competing  regions 
because  a  large  proportion  of  its  production  was  shipped  out 
whereas   the  competing   regions  consumed   most  of   their 
production.   As  in  the  seasonal  demand  equations,  the  author 
found  nonsignificant  income  effects,    though  both  positive 
and  negative  income  parameters  were  observed. 

Comprehensive_St udies 

Zusman  (1962)   developed  and  estimated  an  econometric 
model  of  the  entire  U.S.  potato  industry,  even  though  he  was 
primarily  interested  in  California  potato  production  as  an 
element  of  total  U.S.  production.    Specifically,  he  wanted 
to  ascertain  that  level  of  production  of  California  potatoes 
that  would  result   in  profit  maximization  for   its  growers. 
Because  oi  the  competitive  nature  of  the  industry,   he  noted 
that   this  could   be   obtained   only  by   observing   the 
interrelations   of  California   potatoes   with  total   U.S. 
production.    To  this  end,    he  empirically  estimated  his 
econometric  model  with   a  view  toward  framing   a  policy  for 
California  production. 

Zusman,   like  nis  predecessor   Shuffett,   divided  the 
potato  industry   into  two   seasonal  markets,    though  the 
markets  encompassed   dissimilar  time  periods.     A  spring- 
market  which  encompassed  all  or   California  production  and  a 
winter  market  which   encompassed  the  tulk  of   U.S.   potato 
production  were  defined  by  busman.    Three  demand  eguations, 
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three  supply  equations,   three   margins  equations,   three 
supply  identities  and  one   production  carry-in  equation  were 
estimated   primarily   through   a   simultaneous   equation 
approach.   As  only  the  acreage  of  potatoes  was  estimated  and 
then  multiplied  times  average  yield   to  get  total  supplies, 
tuese  results   are  not  emphasized   here.    Ine   supply  of 
potatoes  was  found  to  be  inelastic. 

As  witn   previous  authors,   the  estimated   results  cr 
Zusmau  showed  a  more  elastic   demand  for  the  smaller  spring 
crop  than  the  larger  winter  crop.    Moreover,  separating  the 
winter  crop  into  food  and  nonfood  uses,    Zusman  found  a 
higher  demand  elasticity  lor  the  latter  than  for  the  former, 
a  finding  later  confirmed  by  Hee  (1967).     A  much  lower 
elasticity  of  demand  ror  potatoes   was  found  by  Zusman  than 
that  found  by  other  authors  (Hee  1967;   Shuffett  1954;   and 
Gray,  Sorenson  and  Cochrane  1954).    Zusman  attributed  these 
differences  to  the  fact  that  his  estimates  were  for  potatoes 
used  only   as  food   whereas  other   authors  included   all 
potatoes.    The  demand  equation  for  spring  potatoes  revealed 
that  significant  differences  existed  among  California  spring 
potatoes,  other  spring  potatoes,  and  carry-in  potatoes.   The 
associated  short  and  long  run  multipliers  derived  from  these 
differences  together   with  other  multipliers   provided  the 
framework   for   Zusman's  policy  analyses   on   profit 
maximization   for   California  producers.     By   varying 
California  production   through  assumed  collusive   action  of 
producers,   the  author  determined   the  resulting  profit  for 
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alternative  production  levels.    In   general,   the  results 
revealed  that  short-run  gains  in   profit  could  he  obtained, 
Dut  ciiXy  through  increased   market  instability.    Long  run 
gains  in  profit  were  not  obtainable. 

By  a  similar  seasonal  division   of  the  potato  market  as 
utilized  by   Simmons,    Hee   (1967)    estimated   the 
interrelationships   among  seasonal  production.     Potato 
production  for  one   of  the  four  seasons,    summer  and  late 
fall,   was  not  considered   competitive  with  ether  seasonal 
production.    rJtili2ation  of  this  fall  crop,  however,   was 
considered  competitive   as  alternative  uses  such   as  food, 
seed  and  feed  competed  for  it.    Nonfall  potatoes,   on  the 
other  hand,    wtie  hypothesized   to  be   noncompetitive  in 
utilization  because   they  were  used  almost   exclusively  for 
food.    Two-stage   least  squares  as  well   as  a   limited 
information   method   were  employed   to   estimate   these 
relationships. 

Separate  demand   eguations  for  utilization  of   the  late 
summer  and   tall  crop  revealed   that  distinct   demands  did 
exist  for  potatoes  used  for  foou,  livestock  feed  and  starch. 
Ks   expected,  the  demand  for  food  was  more  inelastic  than  for 
other  uses.    Disposable  income  was  fcund  tc  have  virtually 
no  effect  on  the  demand   for  potatoes  as  food.    Moreover, 
processed  vegetables,   beli  tved  to  be  a  primary  substitute 
for  potatoes,   were   also  found  to  have   a  nonsignificant 
effect  on  demaiid.    No  estimate  of  supply  was  obtained  as  it 
was  assumed  fixed  xcr  the  late  summer  and  fall  crop. 
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Demand  estimates   for  the   remaining  three   eguations, 
intended   to   reveal   the  degree   of   competition   and 
substitutability   between   dirferent   seasonal   potatoes, 
invariably  showed  higher  direct   than  cross  elasticities  in 
absolute  value.     Even  though  positive  and   relative  high 
cross  elasticities   were  found,    the  estimates   clearly 
revealed  higher  preferences  for   the  dominant  than  competing 
crops.    Storage  potatoes  from  the  late  summer  and  fall  crop 
served  as  the   competing  crop  in  the   demand  eguations  for 
winter  and  early   spring  as  well  as   late  spring  potatoes. 
Sarly  summer  potatoes  were  found  to  be  competitive  with  late 
spring  and  late  summer  potatoes. 

The  effect  of  income  on  demand  was  nonsignificant  in  all 
four  eguations,  though  a  positive  and  high  income  elasticity 
was  revealed  tor  winter  potatoes.   Specifically,  a  1  percent 
change  it,  income  generated  a  .3  percenr  change  in  demand  for 
winter  potatoes.    It  should  be  emphasized  though  that  even 
the  siyn  of  this  income  parameter  varied  witu  the  estimating 
technigue.    Logic  then   would  suggest  that  income   had  a 
nonsignificant,  if  any,  effect  on  demand.    This  pattern  of 
relatively  nonsignificant  income  efiects   has  persisted  for 
all  the  studies   which  to  date  have   examined  data  periods 
from  1920  to  196C. 

It  may  be   noted  that  the  three   estimation  technigues 
used  by   Hee  generally  yielded  entirely   different  results. 
Though  tae  author  noted  the   appropriate  uses  for  two-stage 
least  sguares,  limited  information  maximum  likelihood,   and 
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ordinary  least   squares,   he  emphasized  the   best  results 
irrespective  of  which  technique  yielded  them.    Such  varying 
emphases  naturally  compromised  consistency. 

Estas  (1979)  conducted  a  more  comprehensive  study  of  the 
potato  industry  than  those  discussed  heretofore.    Vihile  the 
primary  goal   of  the  study  was   to  examine  the   impacts  of 
changing  potato  production  in  the  U.S.   Pacific  Northwestern 
region,   the   model  developed   to  evaluate   these  impacts 
encompassed  the  entire  industry.    Unlike  Gray,  Screnson  and 
Cochrane  (1954)    who  estimated   potato  acreage,    Estes 
estimated  acreage  and  yield  and   then  derived  production  as 
the  product  of  the  two.     These  equations,   estimated  hy 
ordinary  least  squares  and   a  maximum  likelihood  technique, 
revealed  that  supply  was  generally  price  inelastic.    Supply 
elasticities  varied  among  six  identified  production  regions. 
A  variable  included   to  capture  risk,   variance   of  potato 
prices,   was  found  to  have  only   a  modest  effect  en  planted 
acreage. 

Demand  equations   were  estimated  for  potatoes   used  as 
food,   but  for  the  birst  time  these  potatoes  were  separated 
into  fresh  and  processed  uses.    An  additional  equation  for 
potatoes  used  as  livestock  feed  was  also  estimated.    All  of 
these   equations  were   estimated  at   the  national   level. 
Retail  level   demand  equations  for   potatoes  as   food  were 
derived  by  using   farm  price  together  with   price  and  cost 
indexes  as  proxies  for  margins.     Demands  were  found  to  be 
less  price  inelastic  for  processed   than  for  fresh  potatoes 
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(-.235  versus  -.124).    Positive   but  nonsignificant  income 
cirects  were   round  tor  both   fresh  and   processed  demand 
equations.    These  findings  were   consistent  with  those  of 
previous  studies. 

To   Capture  the   effects  of   changes   in  demand   for 
convenience  foods,  Estes  included  the  percentage  of  women  in 
the  labor  force  in  his  fresh  and  processed  demand  eguations. 
The  estimated  results  showed  a   1.1  percent  decline  in  fresh 
potato  demand  but  a  4.7  percent  increase  in  processed  potato 
demand  for  each   1  percent  increase  of  women   in  the  labor 
force.    The  demand  for  fresh  potatoes  was  not  influenced  by 
substitute  commodities,   a  finding  consistent  with  those  of 
Hee  (1967),  Zusman  (1962)  and  Simmons  (1962).   These  authors 
thougn  did  find  substitutability  among  seasonal  crops. 

Thougn  Estes   recognized  the  gains  in   efficiency  from 
using  three-stage  least  sguares,    he  refrained  from  using 
this  metaod  to  avoid   transmitting  possible  misspecif ication 
errors  throughout  the  system.    As   parts  of  the  model  were 
estimated  using  ordinary  least  squares,   maximum  likelihood 
..-jtiaidters  and  two-stage  least  squares,  a  truly  simultaneous 
analysis  was  not  attained.    Though  given  a  correct  mapping 
of  the   various  equations,    no  distortions   should  have 
resulted  in  the  system.    From  this  system,  the  author  found 
that  an  increase  in  acreage  planted  in  the  Pacific  Northwest 
would  generally   lead  to  decreased  acreage   in  competing 
regions,  decreased  total  U.S.   acreage,  but  increased  total 
U.S.  production  because  of  higher  yields  per  acre.    Potato 
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prices  were  adversely  affected  by   these  market  share  gains 
for  the  Pacific  Northwest. 

Cardwell  and  Davis  (1980)    examined  product  forms  and 
interseasonal  competition  in  the  U.S.  potato  industry.    The 
authors  estimated   demand  and   supply  equations   for  four 
production  seasons:   fall,  winter,  spring  and  summer.    This 
study  is  significant   in  that  it  is  the   first  to  estimate 
separate  demand  equations  for  the  four  main  product  forms  of 
potatoes:   chips,  frozen,  dehydrated  and  fresh.   To  complete 
the  model,  potato  storage  and  acreage  were  also  estimated. 

The   estimated  system   of  equations  consisted  cf   a 
general  demand  and  supply  model,  a  product  form  submodel  and 
an  acreage  submodel.   Estimates  from  the  submodels  were  used 
as  input  into  the  general  model.   For  example,  the  estimated 
demand  quantities  or  tne  various   product  forms  of  potatoes 
were  regressors   in  the  seasonal  demand   equations.    Most 
parameters  in   the  submodels   had  signs   as  hypothesized. 
Several  parameters  in  the  general   model  had  signs  opposite 
of  those  hypothesized. 

The   own  price   parameter  for   each  seasonal   supply 
equation  showed  a  downward  sloping  supply  curve.    The  fall 
supply  equation  also  showed  a   direct  relation  between  input 
prices  and  production.    Parameter   values  for  the  seasonal 
demand  equations,   save  summer,   had  signs  as  hypothesized. 
Parameters  for   consumption  of   fresh  potatoes  and  potato 
chips  in  the  summer  demand  equation  showed  a  decrease  in  the 
price  of  summer   potatoes  for  increases  in   consumption  cf 
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chips  and  fresh  potatoes.     These  results  were  unexpected 
because  most   summer  potatoes  are   consumed  as   chips  and 
tresh. 

Further   findings  ot   the  study   showed  that   fresh 
potatoes   were  more   readily  substituted  for   dehyrated 
products  than  for  frozen   products.    Frozen  products  were 
more  readily  substituted  for  fresh  potatoes  than  fresh  for 
frozen.    Income  was  found  to  have  a  positive  effect  on  all 
processed  forms,   but  a  negative  effect  on  fresh  potatoes. 
Income  elasticities   tor  chips,    dehydrated  and   frozen 
potatoes  were  .10u,  .280  and  .451  respectively.    An  income 
elasticity  of  -.622  was  found  for  fresh  potatoes.    Seasonal 
;:rice  flexibility   coefficients  were   reasonably  consistent 
with  those  of  Hee  (1967)    and  Zusaan  (1962).    Ihe  price 
flexibility  coefficient   for  fall   potatoes  showed   a  3.4U 
percent  decrease  in   price  for  each  1   percent  increase  in 
production.    The  authors  noted   that  this  fall  coefficient 
was  much  larger  than  that  found   by  Flee  and  Zusraan.    This 
J^irerance  was  attriouted  to   the  larger   share  of   fall 
production  to  total  production  in   their  1958-77  data  period 
as  compared  to  earlier  data  periods  used  by  Hee  and  Zusman. 
Beilock  (1981)   conducted  an   econometric  study  of  the 
potato  industry  which  incorporated   various  features  of  the 
aforementioned  studies,  but  also  added  new  dimensions.   Like 
Zusman,   Beilock   divided  potato  production  into   two  six 
months  seasonal  markets;   he  then  estimated  national  demands 
for  them.   Additionally,  he  attempted  to  incorporate  risk  in 
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his  supply   equations  and   convenience  preferences   in  his 
demand   equations  as   his   predecessor   Estes  had   done. 
Further,  potatoes  for  food  were  divided  into  uses  similar  to 
those  used  by  Cardwell  and   Davis  (1980).    New  dimensions 
included  estimates  cf  supply  not  cnly  through  the  product  of 
acreage   and  yield   but  also   through  direct   estimates; 
estimates   of  national   supply  and   demand  equations   for 
several  product  forms;   estimates   of  regional  supplies  for 
these  same  product  forms;   end   estimates  of  the  impacts  of 
energy  cost  on  regional  production. 

The  estimates,   rrom  both   ordinary  and  two-stage  least 
squares,   generally  revealed  an  inelastic  supply  at  both  the 
regional  and  national  levels.   Kisk,  defined  as  the  variance 
of  farm  level  potato  prices    was  round  to  have  a  negligible 
impact  on  production.   Both  of  these  findings  are  consistent 
with  those  of   Estes.    Supply  equations  for   the  various 
product  forms  generally  showed  a   shifting  of  supplies  away 
trom  fresh  toward  processed  ,   especially  frozen  potatoes. 
Additionally,  as  production  in  a  region  increased,   supplies 
were  allocated  to  all  product  forms  as  opposed  to  a  specific 
form. 

Unlike  estimates  from  previous  studies,  Beilock's  demand 
equation  generally  revealed  larger   demand  elasticities  for 
the  dominant  fall  crop  than  for  the  smaller  early  crop.   For 
example,  a  -.82  price  elasticity  was  found  for  fall  potatoes 
used  as  fresh  and  chips,   but   a  -.34  elasticity  for  early 
potatoes  tor  the  same  use.   Yet,  for  the  1961-78  data  period 


55 
of  this   study,   fall   potatoes  averaged   35  percent   of 
production;   early   potatoes  represented  the   remaining  15 
percent.    In  estimating  price  elasticities  for  all  potatoes 
used  as  food,  Zusman  (1962)  found  elasticities  for  the  early 
crop  to  average  two  to  tour   times  higher  than  those  for  the 
fall  crop.    Though  production  as  defined  by  Beiicck  (1981) 
and  Zusman  (19  62)  differed,  the  results  seem  to  suggest  that 
tne  demand  for   chics  is  much  more  elastic   with  respect  to 
tall  potatoes  than  with  respect  tc  early  potatoes.    As  did 
Estes,   the   author  found  that   no  substitute   product  or 
commodity  influenced  the  consumption  of  potatoes. 

Unlike  Estes,   the  author  found  very  elastic  as  opposed 
to  inelastic  income  elasticities.    Additionally,  though  the 
products  were   not  homogeneous,   significant  differences 
existed   among  the   convenience  elasticities   of  the   two 
authors.    Using  the  percentage  of  women  in  the  labor  force 
(WLF)  as  a  proxy  ior  convenience,  Beilcck's  results  revealed 
that  the  demand  for  troz:-n   potatoes  with  respect   to  the 
dominant  fall  crop  was  essentially   unaffected  by  changes  in 
WLF;   estimates  by  Estes,  on  the  other  hand,   showed  a  4.7 
percent  change  in  demand  for   processed  potatoes  for  each  1 
percent  change   in  fcLF.    Though   the  estimates   were  for 
different  commodities,   it  may  be  noted  that  frozen  potatoes 
were  the  dominant  processed  form  for  both  studies. 

As  the  primary   goal  of  Bei leek's  study   was  to  examine 
tae  impact  of  rising  energy  cost  on  regional  production,   he 
simulated  alternative  energy  scenarios.    The  results  shewed 
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increased   concentration   of  potato   processing   in   the 
Northwestern  region  of  the  U.S.    The  author  concluded  that 
this   result  may  have  been   expected   as  production   of 
processed   potatoes  requires   high   energy  costs,    but 
transportation  of  these  products  requires  relatively  lower 
energy  costs. 

Present  Study 

The  present  study  incorporates   features  front  several  of 
the  aforementioned   studies,   but   it  is   net  a   logical 
extension  of  any.    For  example,  it  attempts  to  account  for 
risk  in   potato  production  and  convenience   preferences  in 
demand,   factors   previously  incorporated  by   Beilock  and 
Estes.    Also,   as  with   these  authors,   separate  demand 
equations  are   estimated  for  fresh  and   processed  potatoes. 
Beyond  taese  measures,  similarities  end.    Hhile  the  primary 
focus  of  all   the  reviewed  studies  has  be=n   some  aspect  of 
supply  and   demand,   the   present  study   focuses  on   the 
interaction  of   structural  forces   with  supply   and  demand 
forces. 

On  the  structural  side,    six  endogenous  variables  are 
estimated:    number   of  potato   processing  plants   (NPP)  , 
concentration  (CRi?)  ,  price  cost  margins  (PCM)  ,   advertising 
sales  ratio  (ASR),  change  in  processing  capacity  (CCA),   and 
utilization  of  processing  capacity  (UCA) .    These  variables 
are  linked  to  the  supply   and  demand  variables  and  estimated 
using  three-stage  least  squares.    The   data  period  is  from 
1960  to  1981  witu  one  year  being  the  unit  of  time. 
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The  estimated   model  is  used   to  simulate   the  potato 
industry  for  alternative   rates  of  growth  of   the  exogenous 
variables.   Additionally,  policy  variables  are  simulated  and 
their  impacts  on  the  potato  industry  evaluated. 


CHAPTEB  III 
OVEEVIEH  OF  POTATO  INDUSTRY 


Introduction 

Changes  in  the  0.  S.   potato  industry  have  been  rapid  and 
widespread.    All  lacets  of  the  industry  from  production  at 
the  farm  level   to  consumption  at  the   household  level  have 
changed   dramatically   over   the   past   three   decades. 
Production  of   potatoes  at   the  iariu   level  not   only  has 
increased  significantly  but  has   shifted  considerably  among 
regioas.   Consumption  of  potatoes  has  shifted  precipitiously 
from  a  predominance  of  fresh   to  a  predominance  of  processed 
products.   All  ot    these  described  changes  as  well  as  others 
were   precipitated  primarily  by  the   growing  demand   for 
processed  potatoes.    Tnis  chapter  will  therefore  provide  an 
overview  of  the  potato  industry   witn  an  emphasis  on  changes 
resulting  from  or   associated  with  the  growing   demand  for 
processed  products. 

Potato  Production 

During  the  past  three  decades,   yearly  potato  production 
in  the  U.S.    has  increased  by  approximately   100  million 
hundredweights   (Table  1.3).     These  increases   occurred 
despite  a  more  than  JO  percent  decline  in  acreage  planted,  a 
more  than   45  percent   decline  in   consumption  of   fresh 
potatoes,   and  a   more  than  95  percent   decline  in  potato 
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farms.    Rising   potato  production  obviously  has   been  in 
response  to  factors  wnich  have   at  least  offset  the  negative 
factors.    Potato   >ields  per  acre,   for   example,   have 
increased  by  more  than  70  percent;   consumption  of  processed 
potatoes  has  increased  by  over   tenfold;   and  average  farm 
size  has  increased  ty  nearly  thirtylold.   Prices  received  by 
potato  producers  have  incre»  sed  considerably  during  the  most 
recent   decade,   but   before  this   time  they  fluctuated 
inversely  with  production  with  no   upward  or  downward  trend 
discernible  (Table  1.3). 

Much  of  the  increase  noted  in  production  has  been  due  to 
shifts  among  production  areas.     Potato  production  in  the 
Northeast,  for  example,   has  fallen  from  29  percent  of  total 
O.S.   production   in  1950   to  only   14  percent   in  1980. 
Production  in  the  Middle  Atlantic   region  has  fallen  during 
this  same  period   from  8  to  2  percent   of  total  production. 
By  comparison,   production  in  the  Pacific  Northwest,   as  a 
share  of  total  U.S.  production,  has  risen  during  this  period 
from  18   percent  to   47  percent   (Table  3.1).     States 
comprising  each  region   are  defined  in  Table   C.1.    These 
shifts  naturally   have  been   from  relatively   low-yielding 
areas  to  high-yielding  ones. 

The  economic   stimuli  for  the  above   production  shifts 
have  oeen   (1)   higher  rslative  productivity  of  land  in  the 
Pacific  Northwest,   and  (2)   lower  transportation  cost  and 
higher  value  per  pound  of   processed  versus  fresh  potatoes. 
Both  factors   are  significant  because  despite   the  greater 
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productivity  of  land  in  the  Pacific  Northwest,  the  Northeast 
undoubtedly  would  have  remained  the  largest  produci  ig  region 
in  the  absence  of  differentials  in  transportation  costs. 
Demographers  will  quickly  discern  that  the  logic  of  this 
argument  stems  from  the  proximity  of  the  Northeast  to  large 
population  centers. 

The  Utcline  of  farms  producing   potatoes  far  exceeds  the 
decline  of  farms  producing   aggregate  U.S.    production. 
Whereas   3.7  million   farms   were  producing   agricultural 
products  in  1959,  this  figure  had  declined  to  2.5  million  in 
1978,  a  decline  of  32  percent  (Census  of  Agriculture).    In 
contrast,   potato  farms  declined  during  this  period  from  £86 
thousand  to  28  thousand,   a  decline  of  96  percent.    These 
drastic  losses   of  potato   farms  were   primarily  due   to 
shifting  demands  from  fresh   to  processed  potatoes.    These 
shifts  have  led   not  only  to  an  abandonment   of  many  farms 
which  produced  primarily  for  in-home  consumption,   but  to  an 
abandonment  of  farms  which  lost  marketing  outlets. 

In  summary,  shitting  potato  production  among  regions  has 
not  just  accompanied  rising   production,   but  has  actually 
accounted  for  it.   Sniffing  production  also  has  led  to  fewer 
marketing  outlets,   especially  outlets  for  fresh  potatoes  in 
the  declining  Northeast  and  Middle  Atlantic  regions.    With 
fewer  marketing  outlets,  marketing  costs  naturally  increased 
because  of   increased  distance  to  markets.     Potato  farms 
realizing  prohibitive  increases  in  marketing  costs  naturally 
ceased  production. 
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Potato  Consumption 

Potatoes  consumed   in  processed   forms  have   increased 
tenfold  during  the  fast  three  decades.   Consumption  of  fresh 
potatoes,  by  comparison,   has  plummeted  to  only  one  half  its 
level  three  decades   ago.    An  increase  in   consumption  of 
processed  potatoes  may  have  been  predicted  as  converting  any 
product  from   its  natural  form   to  several   processed  ones 
usually  increases  total  usage  because  of  greater  variety  and 
increased  convenience.   Potatoes  are  not  an  anomaly.    What 
is  unusual  about   potatoes  is  the  magnitude   of  decline  in 
consumption  of   fresii  potatoes  coupled   with  a   more  than 
offsetting  rise  in  consumption  of  processed  potatoes. 

Per  capita  consumption  of   fresh  potatoes  declined  from 
100  pounds  in  1950  to  50.5  pounds   in  1978  and  then  rose  to 
51.4  pounds  in  1980;   per  capita  consumption  of  processed 
potatoes  rose  from  t.3    pounds  in  1950  to  70.6  pounds  in  1978 
and  then  declined  tc  64. a  pounds  by  1980  (Table  3.2).   While 
several   processed  potato   products   have  generated   this 
growth,   irozen   potatoes  have  played  the   most  pronounced 
role.    Much  of  this  growth  of  frozen  potatoes  has  resulted 
from  the  increased  usage  of   these  products  at  institutional 
establishments  (restaurants,  hotels,  lunchrooms,  etc.). 

Frozen  french  fries,  dehydrated  mashed,  and  potato  chips 
are  the  major  processed  potato  products.    Small  quantities 
of  potatoes  are  canned  and   processed  into  starch  and  flour. 
Potato  chips,   the  first  processed  potato  product,   led  the 
growth  or  potato  processing  until  the  mid  1960's.    Fy  1966, 
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par  capita  consum ption  or  frozen  potatoes  had  surpassed  that 
of  chips,   had  more  than  doubled   chips  by  1975,   and  has 
maintained  this  2   to  1  ratio  into  the   1 98 0  * s  (Table  3.2). 
Altnough  a  variety   of  trozen  potato  products   are  produced 
(hash  browns,  diced,  scalloped,  etc.),   frozen  french  fries 
constitute   over  80   percent   of   all  frozen   potatoes. 
Moreover,   frencn  fries  account  rcr   icore  than  half  of  all 
frozen  vegetables. 

While  the   preceding  description  of  changes   in  potato 
consumption  may   reveal  much   about  the   potato  industry, 
identifying  and  then  discussing   those  factors  which  caused 
these  changes   is  obviously  of  importance   to  researchers. 
While  many  factors  have  precipitated  these  changes,   seme  of 
the  more   significant  ones   are  believed  to  be   changing 
consumers1  tastes,   rapiu  growth  and  expansion  of  fast  food 
establishments,   an  increasing  number  of   women  in  the  work 
force,   a  growing  population,   and  an  increasing  number  but 
declining  size  of  households. 

Fast  Food  Establishments 

Frozen  french  fries,   the  processed  potato  product  which 
has  shown   the  most   significant  growth,    are  channeled 
primarily  through  last  food   establishments.    According  to 
potato  marketing   specialists,   roughly  60  percent   of  all 
frozen   french  fries   is  ctanneled   through  fast   food 
establishments.    With  the  1981  production  of  frozen  french 
fries  totaling  3.6  billion  pounds,   this  means  that  roughly 
2,2  billion  pounds  of  thesi  fries  were  sold  at  fast  food 
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establishments.      The    leading    fast   food   chain,    McDonald's,    is 
estimated   to     account   for   25     percant   of   all      frozen   fries 
(Cox,     1982) .      These   figures    then    translate    iuto   sales    of    900 
million    pounds      of    french      fries    in      1981    at      McDonald's 
establishments. 

Frozen   frunch      fries   are      not  only      marketed    primarily 
through      fast-food    estaolishinents      but      also    account      for 
roughly    20    percent    cf   fast-food      sales    (Purcell    1976;      Cox 
1982).      Cox    (1982)     reports   tnat   seven    of    every   ten    customers 
arriving    at      fast    rood   establishments   after      breakfast    are 
estimated    to   order    fries   as      part   of    their   entree.         Given 
this    importance   of    frozen  fries   at    fast   food    establishments, 
some   correlation    between    the    growth      ci    frozen    potatoes   and 
the   fast    food    industry   may      be    expected.         Indeed    both    have 
shown    tremendous   growth. 

Tas      number  of      fast      food   establishments      increased 
fourfold   during      tne    1958-77    period.         In      actual    numbers, 
these    establishments      rose   from      25.1    to      100.5   thousand. 
Sales   at    these    establishments      increased   ninefold,       rising 
from   $1.1    billion    in    195o   to      $11,8    billion    in    1982    (Figure 
3.1).      With   20    percent   of   fast   food    sales   being    comprised   of 
frozen    irencu      fries,       dollar      sales   cf      fries   at      these 
establishments    then    totaled    $2.3    tillion. 

Tne   described    growth    of    the    fast    food   industry   has   given 
a    tremendous  boost    to   consumption   of    processed    potatoes,    via 
frozen   trench   fries.         Other    processed    potato    products   have 
yet    to      gain  marke tability      at   fast      food   establishments, 


Number  of  Fast  Food  Establishments,   1958-77 
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Figure  3.1.  Fast  Food  Establishments  by  Number  and  Sales 
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though  it  is   not  inconceivable  that  chips   and  dehydrated 
potatoes   could   Dtcoae  competitive   products   at   these 
establishments.   Fresh  potatoes  already  appear  to  be  gaining 
a  reasonable  share   or  fast  food  sales.     This  marketing 
outlet  for   fresh  potatoes  may   prove  to  be   the  requisite 
stimuli  to  arrest  the   decline  in   consumption  of   fresh 
potatoes. 

jjqmenin  'the  Work.  Force 

Au  increasing  percentage   of  women  in  the   labor  force 
supposedly  shifts  demand  toward   food  products  which  reguire 
little  preparation  time-  at  home.    In  essence,  women  iu  the 
labor  force   increase  the   demand  for   convenience  foods. 
Because  processed  potatoes  represent  or  contain  convenience, 
growtn  of  women  in  the  labor   force  is  expected  to  stimulate 
growth  ot  processed  potatoes.    labor  force  data  reveal  that 
women  as  a  percentage  of  th €   labor  force  have  grown  from  29 
percent  in  1950  to  a  1982  level  of  43  percent.    This  growth 
then  represents   an  increasing  demand  for   the  convenience 
reflected  in  processed  potatoes.     Because  women  have  less 
time  and   energy  to  dsvote   to  food   preparation,   market 
baskets  of   today  clearly  contain  more   products  reflecting 
increased  convenience. 

Tnis  described  growth  in  demand   fcr  convenience  has  not 
only  influenced  the  characteristics  of  market  baskets,   cut 
has  accelerated   the  growth   of  fast   food  establishments. 
Diners  of   fast  food  restaurants   list  convenience   as  the 
primary  reason  for  tneir   patronage.    These  diners  define 
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convenience   as   not    naviny    to    (a)    cook ,     (b)       do   dishes,       (c) 
wait    tor   service,       or    (d)       travel   far    (Restaurant    Business, 
May    1932) .        Thus   a   growing      demand   for  convenience   alters 
both   in-hoae  and   away-1 rom-home    food   consumption. 

Po  p  u  la  t  i  en 

Growth    of    total      potato    usage   during    the      early    1960*s 
resulted    primarily      from    an      expanding    population      as    per 
capita   consumption    remained    fairly   constant.         Since   the    mid 
1960's,    per  capita   consumption   of   potatoes   has  increased    but 
population   growth      is   hypothesized      to    have      continued    its 
positive    effects.  These   effects      snould    be      especially 

noticeable   for   frozen    potatoes   since   considerable    growth   has 
occurred    in   that   segment   of      the    population    which    freguently 
consumes    these    products   at   fast    food    <3stablishments.         That 
is,       surveys    by   gestaurant_D using ss    {May    19  82)       have   found 
that    the    25   to    44    age   group,    which    has   a   greater    tendency    to 
eat   out,         has    shown    and     c    ntinues    to      show   considerable 
growth, 

Number    and   Size    of    Households 

Consumption   of      processed    potatoes   during    the      past    two 
decades      has    been      influenced   by      a      growing    number      but 
declining    size    of    households.  Declining   household    sizes 

supposedly    have  increased   the      potential   for    away-f rcm-home 
food    cons  uni  ption    by    decreasing    the      cost   of   eating    out    while 
simultaneously   increasing      the    inconvenience      of   eating-in. 
These   changing      consumption    patterns    increase      the   expected 
growth    ot      frozen    potato   products      because   of      their    heavy 
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institutional  uses,    but  decrease  the  expected   growth  cf 
other  processed  potato  products   because  of  their  primarily 
in -home  uses. 

Consumers  Taste 

Changing  consumers'  taste  is  telieved   to  be  a  factor  in 
influencing  the  shift  in  consumption  from  fresh  to  processed 
potatoes.    While  it  is  impossible  to  quantify  taste  or  its 
impact  on  demand,   it  may   be  noted  that  potato  processors 
have  stressed  improved  taste  and   nutrition  of  its  products. 
So  there  is  at  least  a  perception  that  consumers'  decisions 
are  a  function  of  taste.    However,  it  should  be  recognized 
that  differentials  exist  in  the  time  periods  for  which  fr-sh 
and  processed  potatoes  have  been  available.   That  is,  it  may 
be  appropriate  to  distinguish  between  a  shifting  taste  and  a 
developing  taste  for  processed  potatoes.    Since  neither  can 
be  quantified,  suffice  it  to  say  here  that  taste  is  believed 
to  have  influenced  the  demand  fcr  potatoes. 

Implications 

The  changing   composition  of   potato  consumption   from 
fresh  to   processed  forms  has  implications   for  consumers, 
producers  and  processors.    From   one  perspective,   higher 
proportions  of   potatoes  consumed   as  processed   mean  more 
consistent  quality,    longer  storability,    and  increased 
convenience  for  consumers  (Quick  Frozen  Foods,   June  1977). 
From  another   perspective,   consumers  are   confronted  with 
higher   costs  and   a  loss   of   nutrients  from   increased 
consumption  of  processed  potatoes  (Talburt  and  Smith,  1975). 
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Producers,   because  of  increased  sales  to  processors  through 
contracts,   art  believed   to  have  realized  a   reduction  of 
price  risk  and  an   enhancement  of   creditworthiness  with 
bankers.    Processors   are  believed   tc  have   realized  a 
reducticn  in  production   costs,   a  higher  quality   of  raw 
products,  and  a  more  timely  delivery  of  raw  products. 

While  the  positive  attributes  of  processed  potatoes  have 
undoubtedly  increased  utility  fcr  consumers,   tne  supposedly 
negative   attributes — increased    cost    and    fewer 
nutrients — must   be  evaluated   with   caution  when   making 
comparisons  with  fresh  potatoes.    Most  comparisons  of  cost 
per  servings  of  processed  with   fresh  potatoes  show  a  higher 
cost  for   processed.    These  comparisons   though,   almost 
invariably  fail  to   account  for  the  differentials   in  labor 
requirements  for  preparing  each   form.    TalLurt  and  Smith 
(1975)   have  found  that  imputing  a  mere  $.50  per  hour  to  the 
cost  of  time   for  food  preparation  results  in  a  favorable 
comparison  of   cost  per  serving   cf  processed   with  fresh 
potatoes.    additionally,  nutritional  comparisons  must  also 
be  made  with  caution.    Most  nutritional  comparisons  involve 
processed   potatoes  with   fresh-dug  potatoes,     However, 
potatoes  stored  for  a  mere   three  months,   not  uncommon  for 
fall  potatoes,  can  lose  as  much  as  50  percent  of  its  primary 
nutrient,   ascorbic  acid  (Vitamin   C)  .    Processed  potato 
products,   on  the  other  hand,   are  virtually  unaffected  by 
storage.   Thus,  on  balance,  processed  potatoes  could  cempare 
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favorably  with  fresh  potatoes  when  the  cost  of  time  and  the 
losses  from  storage  are  considered. 

Increased   potato   processing  is   believed   to   have 
favorably  impacted   the  guality   cf  potatoes   marketed  as 
fresh.    As   the  potato   processing  industry   matured  and 
processors  became   larger  and  more   diversified,   potatoes 
which  were  most  appealing  in  size,   shape   and  form  were 
sorted  by  processors  for   fresh  marketing.    This  selected 
sorting  resulted  not  only  in  higher  average  quality  cf  fresh 
potatoes,   but  in  reduced  time   and  expenses  of  consumers' 
search  for  quality.    Simply  put,   it  led  to  more  efficient 
marketing  of  potatoes. 

Before  the   tremendous  expansion  of   potato  processing, 
raw  potatoes  were  sold  primarily   to  potato  chip  processors 
and  fresh   buyers.    Both  raw   potato  producers   and  chip 
processors   were   concentrated  around   large   population 
centers,  particularly  the  Northeast  region.   These  locations 
were  determined  troi  the  economics  of  transportation  ccsts. 
With  demand  shifting  from  fresh  to  processed  potatoes,   raw 
producers  have   found  less   populated  but   more  productive 
areas   to  concentrate   their   production.    Potato   chip 
processors,  on  tue  ether  hand,  are  still  optimally  served  by 
large  population  centers. 

The  dramatic   ^rowtn  of   frozen  and   dehydrated  potato 
products,   as  noted  previously,   has  been  accompanied  by  a 
significant  loss  of  potato  farms.    And  while  there  has  been 
significant  increases   in  yields   per  acrti,    tremendous 


72 
increases  have  also  occurred  in   average  farm  sizes.    From 
1959  to  1978,  the  average  sized  pctatc  farm  jumped  from  1,75 
acres  to  48.9   acres.    Part  of  the   economic  stimulus  for 
these  increases  in  farm  size   resulted  from   raw  product 
specif xcations  of  processors.    Small  producers,  because  of 
unavailable  technical  assistance,  generally  have  been  unable 
to   produce    potatoes   with    consistent   processing 
characteristics — high  solids,   low  and  uniform  sugars,   and 
good  type   iGoinena,   1968).    Because  the   probability  of 
technical  assistance   from  processors  increases   with  farm 
size,    many  producers   have  eitaer   expanded  or   ceased 
production. 

Potato  processors  have  suggested   that  increased  potato 
processing  has  reduced  their  production  cost,   improved  the 
efficiency  oi  their  operations,  and  enhanced  the  quality  and 
uniformity  of  processed  products  (Conrad,  1975).   Processors 
contend  that  because  tney   have  become  increasingly  larger, 
contract  purchases  are  imperative   for  efficient  operation. 
Contract  purchases,   according  to   processors,   reduce  the 
price  risk,  associated  with  open-market   purchases;   since 
price  risk  is  an  element  of  cost,   a  reduction  in  price  risk 
should  therefore   reduce  production  cost.     Efficiency  of 
operations,   according  to  processors,    has  been  enhanced 
because   of   the  timely   deliveries   generated   through 
contracting.    that  is,  processors  incur  less  search  cost  in 
obtaining  raw  potatoes.    Processors   further  contend  that 
their  smaller  number  coupled  with   their  increased  size  has 
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resulted  in  improved  product  quality.    Improved  quality,  it 
is  argued,   results  from  competition  among  processors  for 
consumers'  dollars.    Because  consumers  will  readily  switch 
brands   upon  variations   in   quality,   processors   have 
consistently  provided  uniform  quality.    Before  the  decline 
in  number  and   increase  in  size,   processors  contend  that 
uniformity  and  consistency   of   quality  were   sacrificed 
because  smaller   processors  maintained   variable  production 
standards. 

In  the  movement  to  fewer   and  larger  potato  processors, 
it  may   be  noted   that  larger   processors  often   acquired 
smaller  firms,   marketed  the  acquired  product  brands,   but 
closed  the  facilities  producing  thesa  brands.   An  indication 
of   tne  impacts   resulting  directly   and  indirectly   from 
actions  oi  larger  processors  is   reflected  in  the  changes  in 
potato  processing  plants.   Whereas  400  plants  were  producing 
potato  chips  in  1960,   by  1980   this  number  had  declined  to 
177.    Plants   processing  frozen  potatoes   increased  from 
approximately  30  in  1960  to  91  in  1951,  but  declined  to  only 
33  in  1S80.    Dehydrated  potato  processing  plants  increased 
from  an  estimated  2  1  in  1 96J  to  28  in  1964,   but  declined  to 
19  by  1980.   These  plant  changes  are  believed  to  reflect  the 
impacts   of  differentiated   product   advertising  and   the 
increased  cost  of  adopting  new  technology. 

Summary  and  Conclusion 

Dramatic  economic   chances  have   occurred  in   the  U.S. 
potato   industry  during   the    past   three   decades. 
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Technological  advances  in  agriculture   coupled  with  regional 
shifts  in  potato   production  have  greatly   augmented  farm- 
level  potato  production.     Additionally,   technology  has 
increasingly  added   convenience  to   potatoes   via   the 
development  of  new  varieties  of  pctatc  chips,   frozen  french 
fries,   deuyd  rated  mashed,   and   other  processed  products. 
Changing  socio-economic   conditions  have   influenced  taste 
preferences  of  American  consumers  to  an  extent  that  they  are 
now  expressing  a  stronger  preference   for  processed  than  for 
fresh  potatoes.    A  question  of   relevance  here  is  whether 
these  described  changes  also  characterize   the  future  of  the 
potato  industry? 

Potato  production  at  the  farm   level  is  constrained  more 
by   demand  conditions   than   by  technological   know-how. 
Advances  in  technology  therefore,   are  not  likely  to  greatly 
increase  total  production.    Potato  farms,   however,   are 
expected   to  continue   increasing  in   size  because   farm 
technologies  are  generally  land-using.    Hence,   there  are 
likely  to   be  fewer  farms   with  potato   production  further 
concentrated  in   the  Pacific  Northwestern  states   of  Idaho, 
Oregon  and  Washington.   Further  concentration  of  production 
in   these  areas   also   is  likely   to   lead  to   further 
concentration  of  processors 

Technological  advances  in  the  processing  of  potatoes  are 
expected  to   add  more   convenience  to   processed  products. 
These  convenience  aspects  most  likely   will  be  reflected  as 
less  food   preparation  time,   more  fortified   and  retained 
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nutrients,   aore  palatable  taste,   and  longer  storafaility. 
These  aspects   probably  will   increase  in   significance  as 
women  become  a  larger  share  of  the  labor  force.    Fast  food 
establish neat s  also  are  likely  tc  find  these  attributes  of 
growing   siijnif  icance   because   of   the   importance   of 
convenience  to  theic  patronage. 

If  processors   can  add   more  convenience   to  processed 
products,   consumption  of  these   products  undoubtedly  will 
increase.   Increased  advertising  and  promotion  of  both  fresh 
and  processed   potatoes  may   also  further   enhance  potato 
consumption.    Indeed   advertisers  and  promoters   of  fresh 
potatoes   argue  that   the  recently   enacted  Research   and 
Promotion  tax  has  not  only  arrested  the  decline  but  actually 
increased  consumption  of  fresh  potatoes.    Accelerating  the 
per  capita   consumption  of   fresh  and   processed  potatoes 
should  lead  to  tremendous  growth  cf  the  potato  industry. 


CHAPTEB  IV 
DEVELOPMENT  <S?    ECONOMIC  MODEL 


Introduction 

In   this  chapter   a  si  oultaceous   equation  model   is 
specif  ltd  which  captures  an  c   explains  the  dramatic  economic 
changes  that  have  occurred  in  the  potato  industry.    Figure 
4,1   provides  an   illustration   of   the  vertical   market 
structure  of  the  potato  industry.    Exogenous  and  endogenous 
factors  which   have  both  structural  and   market  equililrium 
dimensions  impact  the  entire  vertical  system  and  the  overall 
performance  of  the  industry.    Performance,  in  turn,  impacts 
the  endogenous  factors. 

Ihe   iucdel  specixied   in   Iable   4.1  captures   the 
schematics  wp.ich  Figure  4.1  illustrates.   The  model  consists 
of  sixteen  endogenous  and   twenty  exogenous  variables;   all 
variable  symbols  and  definitions  are   provided  in  the  notes 
to  Table   4.1.    Followiug   the  equations   and  variables 
specification  is  a  theoretical   discussion  of  each  equation 
and  variable.     For  expository  purposes,   the   model  as 
specified  in  Table  4. 1  is  subdivided  into  two  sectors:    (1) 
structural,  and   (2)   market   equilibrium   {price-demand- 
supply).   Equations  4.1  through  4.6  are  structural  while  the 
remaininy  4,7   throuya  4.16   express  dimensions   to  market 
equilibrium.    Tnese  two  sectors   are  hypothesized  to  have 
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impacts  on   the  model  that   differ  with  respect   to  time, 
while  only  a  superficial   discussion  of  tnis  time -dimension 
protilem  is  presented  here,   a   thorough  and  more   profound 
discussion  follows  in  Chapter  V. 

The  Stru ctural  Sector 
The  field   of  iudustri  1   organization  is   rich  with 
studies  on   the  structure   and  performance   of  industries. 
These  studies  predominantly   estimate  single-equation  models 
in  which  causality  tuns  from  structure  to  performance.    The 
model   specified  in   Table   4.1   is  both  dynamic   and 
simultaneous  with   respect  to   the  structural   variables. 
Equation  4. 1  attempts  to  capture  those  factors  influencing 
and  determining   the  number   of  processing   potato  plants 
(NPP)  .      The  number  of  plants   not  only  is  influenced  by 
several  variaoles,   out  NPP,   in  turn,   influences  several 
variables.    Concentration  (CRP)  ,   as  measured  by  equation 
4.2,   is  also   impacted  by  end  impacts  several  variables 
within  the   model.    Equation  4.3  captures   those  factors 
determining  the  price-cost-margins   (FCM) .    These  margins 
influence  other  variables,   particularly   these  within  the 
market  equilibri.ua  sector.   An  advertising-sales  ratio  (ASP) 
is  deterininou   by  Equation   4. a.    Equation   4.5  measures 
changes  in   processing  capacity  (CCA)   while   4.6  measures 
utilization  of   capacity  (OCA) .    These  six   equations  are 
highly  interrelated  and  are   intended   to  capture   the 
structural  dimensions  of  the  potato  industry.    Among  other 
relationships,  it  may  be  observed  that  PCH  influences  NPP; 
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Figure  4.1.     Schematic  Diagram  of  the  Potato  Industry 
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Table  U. 1  Continued 

Endogenous  Variables 


NPP  Number  of  processing  plants 

CRP  Concentration  in  potato  processing 

PCM  Price   cost    margins 

ASE  Advertising    sales   ratio 

CCA  Changs    in    processing    capacity 

UCA  Utilization    of    processing   capacity 

QEP  Production    cf    rresh    potatoes 

UZF  Utilization    of    potatoes    for   fresh   consumption 

UZP  Utilization   of    potatoes    for   processing 

BPP  Retail    price    cf    fresh   potatoes 

BPP  Retail    price    ci    pro    essed   potatoes 

WPF  Wholesale    price    cf    processed    potatoes 

FPR  Farm    price    cf   fresh    potatoes 

RPT  Research   and   promotion    tax 

SPR  Spread   between    retail   and   farm   price 

UZO  Utilization    of    other    potatoes 


Exogenous    Variables 


!S  Minimum    efficient    plant    size 

PCKI  Price   cost    margins    lagged 

CT  Transportation    cost 

GD  Geographic   dispersionof    potato   production 

CK  Cost    of   capital 

PS  Price    of    su^ar    ueets   lagged 

FPRL  Farm    price   of   f res  I    potatoes   lagged 

MC  Marketing   cost 

TR  Trend    variable 

RS  Sisk. 

GC  Produce   ^ales   through    retail   grocery   stores 

TF  lotal   away-f rom-home    restaurants    food   sales 

FF  Fast -food    sales   as    a    percent    cf    total   food 

PN  Population 

IN  Income 

WN  Women   in    labor   force 

GR  Expected    growth 

UZPL  Utilization   of    potatoes   for  processing   lagged 

QEPL  Production   of   fresh    potatoes    lagged 

ASRL  Advertising    sales   ratio    lagged 
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NPP  influences  both  CRP  and  CCA;  CEP  influences  ASR;  and  CCA 
influences  OCA.  Other  relationships  among  these  structural 
and  market  equilibrium  variables  follow  in  the  discussion  of 
each  equation. 
Number  of  Potato  Processing  Plants 

r-quatioa   4.1   estimating  the   number   of    potato 
processing  plants  (NPP)   represents  a  proxy  equation  for  the 
more  appropriate  one,  the  number  of  firms.    While  there  is 
unlikely  to  be  a   one-to-one  correspondence  between  changes 
in   plants  and  firms,   a  sufficiently  high  correlation  is 
expected  to   exist  so  as  net  to  distort   the  explanatory 
proficiency  of  the  model.    This  expected  result  stems  from 
the  ■sntry  and   exit   patterns  of  potato   processing  firms. 

Potato  cnip  processors  have  always  dominated  the  potato 
processing  industry  as  measured  by   the  number  of  firms  and 
plants.    Entry  intc   potato  chip   processing  was  rapid  and 
extensive  following  world  War  II,  consisting  mostly  of  small 
producers.    As  the  industry   grew  and  matured,   consumers 
began  demanding   fresh,   unbroken,    and  ungreasy   chips 
(Warwick,   1973).    To  satisfy  as   a  minimum  the  first  two 
demand  characteristics,   potato  chip  processors   began 
implementing   a   marketing  system   of   delivering   their 
products  from  plant  to  retail  outlets.    Because  the  volume 
of  production  of  many  smaller   processors  could  not  sustain 
these  additional  marketing  costs,    tnese  firms  were  either 
purchased  by  larger  ones  or   exited  the  industry.    Similar 
changes  also  occurred  in  the  frozen  potato  sector,   tut  exit 
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of  smaller  firms  was  due    primarily  tc  shifts  in  marketing 
from  retaix  to  institutional  establishments  and  increases  in 
auvertising  expenditures  by  larger  producers.   Institutional 
establishments  demanded  from  processors   a  level  of  product 
uniformity  and  specificity  that  smaller  firms   often  found 
unprofitable  to  produce.   The  limited  diversification  of  the 
smaller  firms  typically  could  net   support  production  of  by- 
products which  helped  to  sustain  the  profitability  of  larger 
firms.   Advertising  by  larger  producers  also  helped  to  erode 
market  shares  of  smaller  producers.   Unlike  chips  and  frozen 
potato  production,  dehydrated  production  was  never  inundated 
by  smaller  producers. 

The  equation  as  specified  in   Table  4. 1  to  measure  the 
number  of  potato   processing  plants  is 

(4.1)   NPP  =  f  (PCM,  UCA:   MS,  PCML,  CT,  GD,  «H ,  UZPL) 

P  rice-cost- mi  rgins    (PCM)       are   expected   to    be   significant    in 
firms'    exit   decisions,      but    PCK1      are   hypothesized   to    ce    of 
greater   significance      in   firms*    entry      decisions.         Stated 
differently,    low    PCM    will   most    likely    influence   the    decision 
of   marginal    firms       to    exit    the      industry      while    longer    time 
periods    *ili      be   needed    for      firms   to    enter      the    industry 
because      of    time      required      to      bring    new      plants      into 
production.      Positive    coefficients   are   expected   for    both   PCM 
and    VCiSL    as   firms    are      hypothesized    to   respond    affirmatively 
to   improved    profit   conditions. 
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Theoretically,   rising  margins  should  induce  firm  entry 
or,  as  a  minimum,  increase  firm  size.    Similarly,   falling 
margins  should  precipitate  or  accelerate   the  exit  of  firms 
as   marginal  firms'   costs   rise  above  product   prices. 
Moreover,   an   increasing  demand   which  raises  capacity 
utilization  (UCA)   and  profitability   of  an  industry  should 
escalate  the  number  and  size  of  firms.   That  is,  lower  rates 
of   capacity   utilization  are  likely  associated   ■with 
slackening  demand   and  therefore  lower  PCM,    while  higher 
rates  of  UCA   ar^  likely  associated  with  increasing  demand 
and  a  higher  profit  rate  (Sawhney  and  Sawhney,  1973)  .    This 
hypothesized  positive   relationship  between  NPP  and   PCM  is 
also  expected  to  characterize  that  between  NPP  and  UCA. 

Several   exogenous   or  predetermined   variables   are 
hypothesized  to  impact  NPP.    As  the  minimum  efficient  plant 
size  (MS)   increases,   small  firms  with  limited  shares  are 
likely  to  exit   the  industry  as  their   competitiveness  with 
larger  firms  diminishes.    rinimum  efficient  plant  size  may 
be   affected  by   several   factors.     Among  these   are 
transportation  cost,  capital  cost,   volume  discounts,   and 
market  size.    These  factors  are  believed  tc  be  reflected  in 
changes  in  average  plant  size.    And  while  the  average  size 
of  existing  plants  changes,  size  cf  new  plants  is  considered 
the  most  appropriate  measure.     MS  therefore  reflects  the 
average  size  of  plants  coming   en  stream  within  a  particular 
year. 
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Lagged  price  cost  margins  (PCML)  have  been  discussed  in 
conjunction  with  PCf.    A  one  period   lag  is  expected  to  fce 
sufficient  for  capturing  the   requisite  time   horizon  for 
adding  new  plants.   Lagged  utilization  of  processed  potatoes 
(DZPL)   also  represents  a  one  period  lag  as   processors  are 
expected  to  adjust   their  plants  according  to   the  previous 
year's   changes  in   processed   potatoes.    In   general, 
processors  should   fce  expected   to  increase   NPP  as   UZPL 
increases.    However,  NPP  could  decrease  with  increased  UZPL 
if   significant   product  differentiation,    advertising 
expenditures,   cost  differences,   and  ether  entry  barriers 
should  effectively   namper  the  competitiveness   of  smaller 
firms  with  larger  ones.    These  factors,  which  are  accounted 
for  in  the  model,   indirectly  affect  NPP  and  could  lead  to  a 
relatively  insignificant  coefficient  tor  DZPL. 

Since   firms  generally   expand   and  contract   their 
operations  based  on  some  expectation  of  future  growth,   NPP 
should  be  directly  related  to  expected  growth  (GR) .   For  the 
processed  potato  industry,  GR    is  likely   to  be  based  en  a 
number  of  factors  such  as  recent  changes  in  sales,   income, 
per  capita  potato  consumption,  women  in  the  labor  force,  and 
away-f ro in- home  food   consumption.    Changes  in   demand  for 
processed  potatoes   during  the  previous  three   years  should 
capture  most  of  these  forces.    Hence,  GE  is  defined  as  UZP 
lagged  three   periods  with  equal  weights  per  period. 

Ihe  impact  of  transportation  cost  (CI)  on  NPP  cannot  be 
determined  apriori.    With  CI  being  a  significant  proportion 
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oi  marketing  costs,   firms  may  be  expected  to  add  plants  in 
an  attempt  to  minimize  total  marketing  cost.   Transportation 
cost,   however,   is  only  one   component  of  marketing  cost. 
Other  components   may  be  changing   at  a  rate   which  would 
offset  advantages  to  be  gained  from  a  more  efficient  spatial 
distribution  of  plants.    Furthermore,  economies  cf  scale  in 
production  may  favor  concentrated   production  over   more 
dispersed  production. 

Altnough  the  sign  of   CT  is  indeterminate,   geographic 
dispersion  ot  raw  potato  production   (GD)   is  expected  to 
have   a   significant   and   positive   effect   on   NPP. 
Transportation  cost  relative   to  the  value  cf   raw  potatoes 
virtually  dictates   the  spatial   allocation  of   processing 
plants  in  some  proportion  to  GD.   With  raw  potato  production 
becoming  increasingly  concentrated  in  the  Pacific  Northwest, 
a  growing   concentration  of   plants  in   this  area   may  be 
hypothesized. 
Concentration  in  Potato  Processing 

Although,   there  are  many  indexes   for   measuring 
concentration,  this  study  utilizes  a  four-firm  concentration 
ratio.     This  measurement   is   chosen   based  on   data 
availability   rather   than  theoretical   reasoning   which 
precludes  other  measures.    hile  the  consideration  of  only  a 
point  on  the   concentration  curve  is  a   valid  criticism  of 
this  aeasure,   the  use  of   time-series  data  over  twenty-two 
years  is  expected  to  negate  this  criticism.   Concentration 


87 

is  thereiore   expected  to  yield  reasonable   measurements  of 
changes  in  concentration, 

As  tfPP  increases,  concentration  is  expected  to  decrease 
because   new  plants   should  reflect   firm  entry.     This 
hypothesized   relationship   is  somewhat   tentative   since 
concentration  could   increase  as   larger  firms   with  large 
market  shares  add  plants.    It  is  assumed,  however,  that  new 
plants  are  more   prone  to  result  from  firm  entry  than  from 
expansion  of  larger  firms.   Larger  firms,  it  is  assumed,  are 
more  likely  to  increase  production  through  additional  shifts 
and  expanded  plant  sizes. 

(4.2)   CEP  =  f (NFP,  ASR:  MS,  CT,  PCML,  CE,  ASRL) 

The  impact   of  advertising   expenditures  on   entry  of 
firms  into  an  industry  is  well  documented  ( Schmalensee,  1976 
and  Strickland  and  fceiss,   1976),    The  consensus  of  these 
authors  is  that  advertising  expenditures   tend  to  be  highly 
correlated  with   the  degree  of  product   differentiation  and 
the  more  products  are  differentiated,   the  higher  the  degree 
cf  concentration.   logically,  then,  advertising  expenditures 
on   processed   potato   products   should   increase   as 
concentration  within   the  industry  increases,    yielding  a 
positive  coefficient  for  advertising-sales- ratio  (ASS). 

Focusing  on  the  predet trained   or  exogenous  variables, 
theoretically   a   positive  relationship   between   minimum 
efficient  plant  size  (MS)   and  concentration  (C5P)   should 
exist.    An  increasing  MS  is   likely  tc  accompany  or  result 
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from  technologica 1  caanges.    Larger  firms  not  only  are  more 
prone  to  first  adopt  these  technologies,   but  alsc  are  mere 
likely  to   expend  funds   en  research   and  development   to 
develop  them  (Hay  and  Morris,  1979). 

The   impact   of   transportation  cost   en   CRP   is 
indeterminate.    If  rising  CT  should  lead  to  more  plants  and 
by  assumption  more  firms,  then  a  negative  partial  derivative 
would  be  anticipated.    On  the  other  hand,  if  NPP  should  be 
inversely  impacted  by   CT,   then  CRP  should   be  positively 
impacted  by  this  variable. 

Theory  does  not  suggest  the   direction  of  change  lagged 
price-cost-margins  (PC?!L)  will  have  on  CRP.    High  PCKL  may 
induce  firm  entry  or  simply  provide  the  necessary  incentives 
for  larger  firms   to  erect  more  formidable   entry  barriers 
while  simultaneously   increasing  their   market  shares   and 
profits.   To  the  extent  that  high  PCM1  are  likely  associated 
with  product  differentiation  and  other  entry  barriers,   one 
would  be   inclined  to  hypothesize  a   positive  relationship 
between  PCML  and  CEP. 

Capital  cost  (CK)  is  expected  to  have  a  positive  effect 
on  CRP.     The  cost   of  capital   is  freguently   the  most 
effective  constraint  prohibiting  smaller  firms  from  adopting 
technological   changes   which    would   maintain   their 
competitiveness  with  larger  firms. 

Lagged  advertising- sales-ratio  (ASRL)  is  expected  to 
bear  the  same  positive  relationship  to  CLP  as  ASR  bears  to 
CRP.    In  fact,  because  of  the  adjustment  process,  ASRL  may 
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have   a    mere   significant   effect   on      CSF   than    ASfi.         That    is, 
firm    entry   or      exit    is    more    likely    to   be      based    on    previous 
advertising      expenditures   than      on   current      expenditures, 
partly    because   information  on      previous  expenditures  is   more 
readily   available. 
Price    Cost   Margins 

The    price-cost-margius      equation    is      specified    as      a 
function    of   two  endogenous   and    one   predetermined    variable. 

(4.  3)        PCM    =    f  (CBP,     UCA:        PCKL) 

The  importance  of  CBP  as   a  variable  influencing  PCM  follows 
directly  from  oligopoly  theory  wnich  predicts  an  increase  in 
the   effectiveness  ox   tacit   collusion  as   concentration 
increases.    This   indicates  that  firms  with   large  market 
shares  are  prone  to  raise  prices  above  the  competitive  level 
as  concentration  increases.    Within   the  processed  potato 
industry,   larger   firms  ostensibly  cculd   increase  prices 
without  experiencing   significant  market  losses   because  of 
consumers'  preferences  for  their  differentiated  products.   A 
positive  coefficient  is  therefore  expected  for  CBP. 

Utilization  of  capacity  (UCA)   is  considered  a  relevant 
variable  in   this  equation  because  it   indirectly  indicates 
demand  conditions   for  the  product,    Sawhney   and  Sawhney 
(1973)   have  shown  that  high  capacity  utilization  is  likely 
to  correspond  to  increasing  product  demand  because  firms  are 
in  a   more  favorable  position   tc  pass  on   cost  increases. 
High  capacity  utilization   also  is  likely  to   reduce  costs 
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associated  with  underutiliza tion.    Utilization  of  capacity 
is  therefore  expected  to  have  a  positive  coefficient. 

While  only   twc  endogenous  variables   directly  impact 
PCM,   otner   endogenous  variables  such   as  the   number  of 
processing  plants  and  the  retail  price  of  processed  potatoes 
are  influenced  by   PCM.    Table  4.1  shows   that  the  retail 
price  of  processed  potatoes  influences  several  variables  and 
equations  within   the  market  equilibrium   sector.    These 
intsrrela tionships  verify  the  simultaneity  of  the  model. 

Turning  to   the  predetermined  or   exogenous  variable, 
PCML  are  expected  to  be   an  important  determinant  of  current 
PCM   because   margins   indicate   the   effectiveness   of 
processors'  market   power.    It  is  hypothesized   that  high 
price  cost  margins   in  the  current  period   are  followed  by 
high  margins  just  as  low  margins  in  the  current  period  are 
likely  to  be   followed  by  low  margins.     The  possibility 
always  exists  though   that  firms  will  raise   their  margins 
when  they  are  low  to   increase  profits,   and  lower  margins 
when  they  are  hijh  to   avoid  attracting  competitors.    This 
scenario  would   indicate  the   absence  of  effective  market 
power  which   is  expected   to  be   a  characteristic   of  the 
processed  potato  industry. 
Advertising  Sales  Batio 

Ihe  advertising-sales   ratio  is  influenced   by  several 
endogenous  and  predetermined  variables  and,   in  turn,   it 
influences  several  endogenous  variables.    This  equation  is 
linked  to  the  market  equili  rium   sector  through  its  impact 
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on  OZP;    UZP  the  ti  impacts   three  of  the   six  structural 
equations,   thereby  clearly   identifying  interrelationships 
between  the  two  sectors.   This  equation  is  specified  as 

(4.4)   kS3    =  l(CF?,  (JZF,  OZP:  PCflL,  GD  ,  GE) 

Theoretically,   rising   concentration  should   increase  the 
level  of  advertising  because  non-price  competition  becomes  a 
more  feasible  method   for  increasing  sales  (Sard   and  Dehr, 
1980).    This  expected  result  stems  from  the  Dorf man-Steiner 
model  which  suggests  that  the   optimal  level  of  advertising 
expenditures  for  a   firm  occurs  where  the   marginal  revenue 
product  of  advertising  eguals  the   absolute  value   cf  the 
elasticity  of  demand   for  the  firm's  product    (Dorfman  and 
Steiner,   1954).    And  since  tne  price  elasticity  of  demand 
faced  by  a   firm  is  lower  in   more  concentrated  industries, 
advertising  expenditures  are  predicted   to  increase   with 
concentration.    Concentration  is  therefore  expected  to  have 
a  positive  coefficient. 

Otilization  ot  tresh  potatoes   (UZF)   is  considered  an 
important  variable   in  this   equation  because   of  relative 
differences  in  advertising   expenditures   on  fresh   and 
processed  potatoes.    with  fresh   potatoes  being  advertised 
primarily  as  a  genetic  product,  advertising  expenditures  are 
comparatively   low   versus  the   differentiated   processed 
potatoes  for   which  advertising   helps  accentuate   product 
differences.    As  the  demand   tor  fresh  potatoes  increases, 
ceteris  paribus,   advertising  expenditures   are  expected  to 
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decline.   By  contrast,  growing  demand  lor  UZP  is  expected  to 
increase  ASR.    Mathematically,   a  negative  coefficient  is 
expected  for  UZF  but  a  positive  one  for  UZP. 

Considering   the  predetermined   variables,   PCKL   is 
hypothesized  to  provide  some  indication   to  processors  as  to 
the  need   for  advertising   expenditures.    As   previously 
suggested,   the  sign  of  this  variable  cannot  be  determined  a 
priori.    Low  or  railing  PC  L  may   suggest  a  need  fee  more 
advertising  expenditures   to  raise  margins   whereas  rising 
margins   may  suggest   a   need   to  increase   advertising 
expenditures  to  gain  larger  market  shares  and  power  or,   at 
least,    maintain  existing   shares  and   power.    It   is 
hypothesized  that  this  last  mentioned  condition  is  likely  to 
prevail,   particularly   since  rivals  also  are   likely  tc 
increase  their  advertising  expenditures. 

The  more  geographically  dispersed  production  (GD) ,   the 
smaller  is  likely   to  be  the  level  of  advertising  because 
there  is  likely  to  le  Jiore  firms  with  a  smaller  share  of  the 
total  market.    Though  the   possibility  always  exists  that 
such   market  structure   may  encourage   national  firms   to 
increase  their  advertising  expenditures   in  an   effort  to 
force  regional  or  lecal  firms  from  the  industry.    Since  the 
first  mentioned  condition   is  more  likely  to   prevail,   a 
negative  sign  is  hypothesized  for  GD. 

Changes  in  expected   growth  (GR)   are  expected   to  be 
highly  correlated  with  advertising.   In  fact,  processors  are 
expected  to  use  advertising  expenditures  to  aid  formation  of 
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their  expectations.    As   a  result,   a  positive   sign  is 
expected  for  this  parameter. 
Change  in  Pro cessin^  Capaci t_y_ 

Capacity  changes  in  th    processed  potato  industry  are 
likely   to  respond   to  existing   and   expected   demand 
conditions.    Identifiable   exogenous  variables   which  are 
expected  to  reflect  these  conditions  are  NPP  and  UCA.   While 
UCA  is   reflective  of   existing  cemand   conditions,   NPP 
reflects  both   existing  and  expected  demand   conditions  as 
future  expectations  are  of  considerable  importance  in  firms' 
decisions  to  add   new  plants.    Increases  in   NPP  and  OCA 
should  positively  impact  CC    because  such  increases  suggest 
rising  demands  for  processing  potatoes, 

(4.5)   CCA  =  f(l»"Fi>,  UCA:   PCML,  CK) 

Lagged  price-ccst-margins  and  the   cost  of  capital  are 
the  two  exogenous  variables  which  are  hypothesized  to  impact 
CCA.    As  PCXL  increase,   firms   are  expected  to  increase 
processing   capacity  because   this   variable  provides   an 
indication  of  the  future  profitability  of  the  industry.   The 
cost  of  capital  (CK)   indicates   a  measure  of  constraint  on 
capacity  changes   and  is   therefore  expected   to  have   a 
negative  coefficient. 
Utilization  of  Processing  Capacity 

The  percent  of  processing   capacity  utilized  is  likely 
to  be  highly  correlated  with   changes  in  capacity  and  demand 
conditions  for  processed  potato   products.    An  increase  in 


94 
NPP  is   likely  to  lower   UCA  unless  there   are  concurrent 
increases  in   demand  which  more   than  offset  increases  in 
additional   capacity.     Also,   as   small   firms   with 
traditionally  small  plants  end  comparatively  low  utilization 
rates  exit  the  industry,  the  level  of  utilization  associated 
wita   tull  capacity   should   increase   (Gabel,    1S79) . 
Increases  in  CCA  are  expected  to   lower  UCA  because  of  time 
adjustment  lays  in  demand  and  tctal  capacity  changes.   Thus, 
the  coefficients  of  both  NPP  and   CCA  are  expected   to  be 
negative. 

(4.6)   (JCA  =  f  (NPP,  CCA,  UZP:   PCML) 

Utilization  of   capacity  is  expected  to   increase  in 
response  to   rising  UZP   because  UZP   represents  existing 
demauas  for  processed  potatoes.     Similarly,   UCA  should 
increase  in   response  to  an  increase   in  PCML   as  higher 
margins  should  suggest  growing  demand  or,  as  a  minimum,  mere 
concentrated   production  and  therefore   less   effective 
competition. 

In  summary,    Equations  4,  1   through  4.6   depict  the 
aggrejative  structure   of  the   fresh  and   processed  potato 
nuyers.    Implicit  to  the  model   is  that  potato  growers  are 
basically  competitive  as  well  as  are  the  buyers  of  potatoes 
once  they  are  processed  or  packaged  for  fresh  shipment.   The 
model  attempts  to  capture  the  structure  at  the  processor  and 
handler  level   primarily  because  this   is  the   point  where 
major   pricing   and   utilization  decisions   are   made. 
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Equilibrium   for  the   total   potato   industry  cannot   re 
evaluated  in  the   long  run  without  directly   accounting  for 
the  structural   changes  as   expressed  with   Equations  4.  1 
t.irough  4.6.    In   the  next  section,   the   linkage  of  the 
structure  with   supply  and   demand  relationships   is  again 
considered. 

The  Barket  Equilibrium  Sector 

As  specified  in  Table  4.1,    equation  4.7  is  a  direct 
measure  of  supply  or  production .    Equations  4.8  and  4.9  are 
demand   equations   for   fresh   and   processed   potatoes 
respectively.    Equations  4.10,  '4.  11,   and  4.12  are  price 
equations  characterizing   the  retail  price  of   fresh,   the 
retail  price   of  processed   and  the   wholesale  price   of 
processed  potatoes  respectively.    The   farm  pries  of  fresh 
potatoes  is   estimated  in  equation  4.13.     Equation  4.14 
estimates  the  effect   of  the  research  and   promotion  tax  on 
potatoes;  tax  revenues  are  generated  as  a  direct  function  of 
the  two  demand  equations  specified  in  equations  4.8  and  4.9. 
The  spread  oetween  the  retail  and   farm  price  of  potatoes  is 
estimated  in  equation  4,15.     Finally,   a  market  clearing 
identity   wiiicn  assures   utilization  of   all  potatoes   is 
specified  in  equation  4.16.   The  discussion  of  each  equation 
attempts  to  further  clarify   linkages  between  the  structural 
and  equilibrium  sectors. 
Production  of  fiaw  Potatoes 

Potato   production  has   shown  considerable   variation 
during  the  1960-81   period  of  this  study.     As  production 
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riuctuated,   prices  at  the  farm  level  fluctuated  even  more, 
almost  invariably  in  the  opposite  direction.    Equation  4,7 
below  is  specified  to  explain  these  production  changes. 

(4.7)   QBP  =  f(FPRL,  QBPL,  PS ,  TF,  PS)  . 

Potato  producers  are   expected  tc  vary  their   production  in 
accordance  to   lagged  potato   prices,    lagged   potato 
production,   lagj 3d  price  of   sugar  beets,   technological 
change  and  risk. 

Potato  producers   are  hypothesized  to   make  production 
decisions  based  on  prices  in   the  previous   year  (FPEl) . 
Increases  (decreases)    in  FPBL  are  projected   to  increase 
(decrease)   QBP.    Stated  differently,   supply  response  is 
expected  to  be  directly  related  to   the  average  price  of  the 
previous  season.    She  current  farm  price  of  potatoes  is  not 
considered  a  relevant  variable   because  production  decisions 
are  generally  made  before  it  is  known. 

Because  of   tremendous  price   effects  resulting   from 
small  production  changes,  producers  are  expected  to  consider 
L  in  planning  current  production.   As  QBEL  increases,  QBE 
is   expected  to   decrease  because  producers  anticipate 
depressed  prices  in  the  current  period. 

Anile  different   commodities  are  grown   as  substitutes 
for  potatoes   in  various  regions  of   the  U.S.,    it  is 
hypothesized   that  one   major   commodity  substitute   will 
capture   the   impact   of  these   substitutes   en   potato 
production.    This  commodity,  based  on  research  conducted  by 
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Estes  (1979),  is  sugar  beets.  Estes  round  sugar  beets  to  be 
the  major  potato  substitute  in  the  Pacific  Northwest  and  Bed 
River  Valley  where  over  50  percent  of  all  U.S.  potatoes  are 
grown.  From  our  basic  theory  of  the  firm,  PS  is  expected  to 
have  negative  coefficient  as  production  of  a  commodity 
should  decrease  as  the  price  of  its  primary  substitute 
increases  (note  that  PS  is  lagged). 

Potato  proauction  is  expected  to  be  positively  impacted 
by  technological  improvements.    Although  we  have  no  measure 
of   technological   improvements   in   potato   production, 
observations  on  yields  per   planted  acre  suggest  substantial 
improvements.     As   a  proxy   for   these   technological 
improvements,  a  trend  variable  (TB)  is  specified. 

Notwithstanding   technological  improvements,    potato 
producers  are  continually  confronted   with  risk  (IS),   toth 
yield  and  price.    The  effect  of   risk  is  tc  reduce  output 
beyond  that   which  would   occur  in   the  absence   of  risk 
(Sandmo,   197  1).    In  this  study,    BS  is  defined  as  the 
coefficient  of  variation  in   monthly  potato  prices.    Price 
variance  or   risk  should  have   increased  for   potatoes  as 
technological  improvements  increased  yields   in  the  face  of 
low  demand  elasticities.   If  producers  are  risk  averse  as  is 
assumed  in  this  study,  potato  production  should  be  inversely 
impacted  by  RS. 
Utilization  or"  Potatoes  for  Fresn  Consumption 

Fresh   potato  consumption   has  declined   considerably 
during  the  period  of  this  study.    Declining  consumption  has 
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been  registered   or  both  re  r   capita  and   absolute  levels. 
Factors   that  will   explain   these  changing   consumption 
patterns  are   believed  to  be   identified  in   equation  4.8 
below . 

(4.8)   UZF  =  f  (EFF,  BPP,  RPT:   PH,  IN,  »»,  FF,  TF,  GC) 

Retail  prices  as  opposed  to  farm  prices  are  specified 
to  impact  the   demand  for  fresh  potatoes   because  these  are 
the  ones  influencing  purchasing  decisions  of  consumers.   The 
retail  price  of  fresh  potatoes   (EPF)   captures  the  direct 
response  of  quantity  demand  to  price  changes;   by  contrast, 
the  retail  price  of  processed   potatoes  (BPP)   captures  the 
indirect  response.    From  our  basic  theory  of  demand,  PPF  is 
expected  to  have  a  negative  coefficient;   fiPP  should  have  a 
positive  coefficient  since  processed   potatoes  are  believed 
to  be  a  close  substitute  for  fresh  ones. 

The  demand   fot  tresh   potatoes  is   expected  to   te 
influenced  by   the  research  and   promotion  tax   (PPT)   as 
revenues  collected  from  this  tax  are  used  to  advertise  and 
promote  potatoes.    According  to  a  recent  report,   several 
supermarket  chains  have  increased  their   potato  sales  by  as 
much  as  40  percent  since  the  merchandising  promotion  program 
began  in  1974   (HcClure,   1981).    This  datum  suggests  that 
consumers  are   susceptible  to  advertising  and   therefore  a 
positive  partial  derivative  is  expected  for  P.PT.   From  Table 
4.1,   it  should  be  noted  that   tax  revenues  increase  as  the 
demand  for  both  fresh  and  processed  potatoes  increases;  this 
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in  turn  niak.es   more  funds  available  for   promoting  potatoes 
and  stimulating  additional   onsumption. 

Several  exogenous   variables  also  are   hypothesized  to 
impact  UZF.    The  importance  of  population  (PN)   and  income 
(IN)   follows  directly  from   demand  tnecry.    No  empirical 
estimates  exist   on  the   significance  of   PN  for   potato 
consumption  because  this  variable  has   been  used  most  cften 
to  convert  other  variables  to  a  per  capita  basis.    However, 
as  the  per  capita  consumption  of  fresh   potatoes  declined 
continually  during  the  1950-8C  period,  population  growth  did 
provide  some   stimulus  to  market  expansion.     On  balance, 
then,  orit  ma}  hypothesize  a  positive  coefficient  for  PN. 

Sapirical  estimates  do  exist  on   the  significance  of  IN 
to  UZF.   An  income  elasticity  of  demand  of  .11  was  estimated 
by  Estes    (1979).    Beilock   (1981)    found   and  income 
elasticity  of  demand   of  1.79  for  the   combination  of  fresh 
potatoes  and  chips.    Earlier   studies  by  Shuffett   (1954) 
and  Hee    (1967)    reported  income  elasticities   for  fresh 
potatoes  which  ranged  from  .30  to  .45.    These  studies,  save 
Beilock^,   suggest   limited  increases   in  UZF   as  income 
increases. 

An  increase   of  women  in   the  lacor  force   (WN)   is 
expected  to  nave  a  negative  effect  on  UZF.    This  result  is 
expected  because  households  supposedly  switch  from  fresh  to 
processed  potatoes  as  less  time   becomes  available  fcr  meal 
preparation.   As  the  ratio  of  fast-food  sales  to  total  away- 
from-home  food  sales  (FF)   increases,   suggesting  a  rising 
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percentage  in  sales   of  processed  to  fresh   potatoes,   one 
would  expect  UZF  to  be   negatively  impacted.    Total  away- 
from-norae  sales  (TF)   should  have   a  positive  impact  on  UZF 
since  a  larger  proportion   of  these  sales  are   at  non  fast- 
food  establisnments  where  fresh   potatoes  supposedly  are  in 
greater  demand  than  processed. 

The  final   variable  in  this  equation,    produce  sales 
through  retail  grocery  stores  (GC),    is  expected  to  have  a 
positive  coefficient  because  a   large  percentage  of  produce 
sales  consists  of  potatoes   (McCiure,  p.  20),    Furthermore, 
by  purchasing  more  and  more   of  their  food  products  through 
retail   grocery   stores,   consumers   develop  consistent 
purchasing  habits   which  tend  to   be  inflexible   to  price 
changes, 
Utilization  ot  Potatoes  for  Processing 

Rapid  expansion  in  demand  for  processed  potato  products 
is  a  dramatic  economic  development   in  the  potato  industry. 
This  expansion  has  had  repercussions   en  the  number  and  size 
of  potato  processors  and   raw  potato  producers.    Moreover, 
the   spatial  distritution   of  processors  and  raw   potato 
producers  also   has  undergone   significant  changes.     Of 
course,  tae   relevant  issue  here   is  the  identification  of 
thosa  factors  that  explain  changes   in  demand  for  processed 
potatoes.   To  this  end,  eguation  4.9  below  is  specified. 

(4.9)   UZP  =  f  (ASS,  RPF,  SPP,  EPT:   PN,  IN,  WN,  FF,  NF, 

GC  ASRL) 
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The    demand   for   processed    potatoes    (UZP)       is    believed    to 
be   influenced    by    the    same      variables    influencing    UZF    and    the 
additional      variables,      current      and    lagged      advertising. 
Processed    potatoes,       unlike    fresh      potatoes,      usually    are 
hignly    differentiated   and   this   differentiation   is    often   made 
known    to   consumers    through   advertising.         An   examination    of 
advertising   expenditures    to    market    shares      of    such    firms    as 
Frito-Lay  and    Ore-Ida    would    suggest.      that   advertising    in    the 
potato   industry      is   effective      in   influencing      consumers' 
purchasing   decisions.  Eoth    ASB   and   ASI2L      are   therefore 

expected   to   have    positive   coefficients. 

The   effects   of      retail    prices   on    UZP      are   analogous    to 
those   on    UZF.         The    retail    price    of    processed    potatoes    (BPP) 
is   expected    to      have   a    negative    impact   on   UZP      while    BPF    is 
expected   to   have    a    positive    impact.         Also   by   analogy    to    the 
previous   eguation,       the      effect    of    BPT    is      expected   to    be 
positive.         Although    promotion    from   BPT      does   not   have    the 
product      differentiation  emphasis      as      that    promotion      of 
processors,    its   effects   are    believed    to    be    demand    enhancing. 
All    the   exogenous    variables    in    this    squation,      save    for 
GC,      are   expected    tc   have   demand    enhancing    effects.         While 
there    is      likely    to   be      high    correlation     among    population 
(PN)  ,      income     (IN)  ,       women   in    the   labor   force    (WN)  ,      total 
away-f rom-home    food   sales    (TF),    produce    sales   through    retail 
grocery   stores    (GC)  ,      and   the      ratio    of    fast-food   sales   to 
total    aw ay-from-home   food  sales    (FF),       this    is   an   empirical 
problem    that   does    net    negate    the    theoretical    underpinning    of 
tnese    variables. 
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The    importance   of      PN   in   this   equation      stems    from   the 
simple    fact    that    yrcwtu      represents    more    potential   consumers 
of    processed    products.         Income    is   considered    important   not 
only    because   it    represents   the    purchasing    power   of    consumers 
for  all      products,      but  also     because   it      characterizes   a 
special      relationship      between  consumption      of      processed 
potatoes     an!    food      consumption      at   away-from-home      food 
establishments.  During    burgeoning      economic    times      and 

therefore    rising   incomes,      virtually  all   consumers   increase 
their    away-f rom-nome   food      consumption.         During    worsening 
economic    times   and    falling    incomes,         diners   of    upscale   or 
fine    restaurants    'trade    down'      and    often   freguent   fast-food 
establishments       (Ashton,    1980) .         Since   these   establishments 
serve   larger   proportions   of    processed   potatoes,      especially 
trozen    french    fries,      the  sale   of   processed    potatoes   becomes 
partly    immune    to   income    changes. 

The    variable    WN      is    relieved   to   be      important   in    this 
equation   as   it    reflects   a   demand      for    convenience    which    is    a 
characteristic    ox.       processed    potatoes.         As      wN   increases, 
processed   potatoes    not  only   become     more   convenient    for    in- 
horae   consumption,     but   consumption   of    these    products   at   away- 
from-home      establishments  also      appear      to   be      positively 
impacted.  This    stems      partly    from      the   apparent      high 

correlation   between    increases      of   women   in   the      labor    force 
and   increases    of   single    parent   households.      The   repercussion 
of    this      relationship   on   UZP      results   from      the  preference 
function    of   singles   for      dining    in   fast-food   establishments 
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where  processed  potatoes  constitute  a  significant  proportion 
of  sales   (Restaurant  Business,  1582)  . 

The  expected  significance  of  the  variable  FF  stems  from 
tut  large  quantities  of   processed  potatoes  flowing  through 
fast-food  establishments.   Frozen  french  fries,  for  example, 
are  estimated  to  ccnstitute  20  percent  of   fast-food  sales 
(Cox,  1982)  .    Given  the  past  and  continued  growth  of  fast- 
food   sales,   FF   is  expected   to  have   a  positive   and 
significant  effect  en  U2P, 

A  number  of  socioeconomic  changes  in  the  D.S.   economy 
together   with   marketing    innovations   at   fast-food 
establishments  would  suggest   that  FF  is  likely   to  have  a 
continued  and   significant  impact  on   UZP.    Socioeconomic 
changes  which   supposedly  favor  FF  are   declining  household 
sizes,   growing   percentage  of   working  women,    and  an 
increasing  percentage  of  the  25  tc   44  age  group  which  dines 
out  freguently.    Marketing  innovations   initiated  by  fast- 
rood  establishments   include  menu   diversity  and   moderate 
price  increases  over  all  selections.    Menu  diversity  serves 
to  attract  both  breakfast  and   dinner  diners  while  moderate 
price  increases  help  maintain  those   customers  who  would  fce 
turned  away  from  large  price  increases  on  selected  items. 

iotai  awa y-f rom-home  food  sales   (TF)   are  expected  to 
positively  impact  OZP,   but  this  impact  is  likely  to  be  less 
significant  than  that  of  FF.   That  is,  the  rate  of  change  of 
TF  has  been   less  rapid  than  that  of   FF.    Besides,   TF 
represent  less  concentrated  sales  of  processed  potatoes. 


104 
Produce  sales  through  retail  grocery  stores  (GC)   have 
no  predictable  effect  on  UZP.   Since  potatoes  constitute  the 
laryest  percentage  cf  produce  sales,   increases  in  GC  should 
have  a  positive  impact  on  UZF   as  consumers  are  predicted  to 
develop  consistent   purchasing  habits   that  are   somewhat 
inflexible  to  price  changes.    The  impact   of  GC  on  DZP  is 
dependent  on   the  relationship  between  fresh   and  processed 
potato  consumption.   A  negative  coefficient  should  result  if 
tne  two   commodities  are   substitutes,   while   a  positive 
coefficient  should  result  from  complementarity  in  demand. 
Retail  Price  of  Fresii  Potatoes 

For  a   relatively  unprocessed   commodity  like   fresh 
potatoes,   a  high  decree  of   correlation  between  changes  in 
rarm  and  retail  prices  should  exist.    A  popular  view  among 
economists  is  that  high  price  correlation  is  likely  to  exist 
only  when  larm  prices  are   rising.    Falling  prices  at  the 
rarm  and  wholesale  levels,  it  is  contended,   are  not  likely 
to  be  passed  on  to  consumers.    Studies  by  Hard   (1982)   and 
the  Council  on  Wage  and   Price  Stability   (1976)    are  not 
supportive  of  this  view.   In  fact.  Ward   (1982)   found  price 
decreases  at  the  wholesale  level  to  be  passed  through  at  the 
retail  level  more  readily  than  price  increases. 

Because  of  tne  anticipated  correlation  between  farm  and 
retail  prices,  the  retail  price  of  fresh  potatoes  (RPF)   is 
hypothesized  to  be  determined  frcm  the  farm  price  (FPF)   and 
marketing  cost  (J1C)  .   For  estimating  purposes,  this  eguation 
(4.  10)   has  been  defined  as   an  identity  with  estimation  of 
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its  parameters  deferred  to  aquation  4.15.    The  variable  SPR 
is  simply   the  difference   between  BPF   and  FFR;    this 
difference  is  estimated  as  a  function  of  MC . 

(4.  10)   RPF  =  FPR  +  SP6. 

Retail  Price  of  Processed  P otatoes 

Because  of   extensive  product   transformations,   the 
retail  price  of  processed  potatoes   (EFF) ,   unlike  that  ol 
RPF,   is  not  expected  to  bear  any  close  relationship  tc  FFR. 
However,   the  wholesale  price   of  processed  potatoes  (WPP), 
retlecting  the  marketing  costs   cf  product  transformations, 
is  expected  to  bear  a  close  relationsuip  to  EPP.   The  retail 
price  of   processed  potatoes  is   therefore  specitied   as  a 
function  of  WPP   and  IB ,   a  trend   variable.    This  trend 
variable  is   intended  to  capture   what  is  believed   to  be 
changes  in  the  ratio  oi  reti  il  to  wholesalers  prices. 

(4.  11)   Rpp  =  f  {WPP:   1R) 

One  reason  the  retail- wholesale   price  relationship  is 
estimated   to  have   changed  is   that  concentration   among 
retailers  is  believed  to  have  changed.   Retailers,  acguiring 
increased  market  power,   are  more  likely  to  increase  margins 
between  wholesale  and  retail  prices. 
Wholesale  Price  of  Processed  Potatoes 

It  is  hypothesized  that  the  wholesale  price  of  potatoes 
equals  the   farm  price  plus   the  margin  of   the  difference 
between  the  farm  and  wholesale  price  (PCM) .     This  last 
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component  is  estimated  by  equation   4.3.    Because  cf  some 
built  in  price  stability,   such   as  processors'  purchase  of 
raw  potatoes  through  fixed  contract  prices,   WPP  is  expected 
to  show  less  variability  than  FPR. 

(4.12)   WPP  =  FPR  +  PCH 

Farm  Price _gf_F,aw  Potatoes 

Potatoes   are  a   commodity  which   are  produced   and 
harvested  all  year  long.   The  bulk  of  production,  roughly  85 
percent,  is  harvested  during  late  summer  and  fall   (Eeilcck, 
1S81).    Ihus,   prices  from  the  beginning  of  the  year  until 
fall  harvest  are   a  reflection  primarily  cf   the  harvest  of 
the  previous  year.   Once  the  fall  QFP  is  known  or  harvested, 
FPB  is  likely   to  be  greatly  impacted.     Equation  4.13  is 
therefore  specified  as  a  function  of  QRF  and  QFPL. 

(4.  13)    FPR  =  f  (CRP:   QRPL) 

Both    the    farm      price   and    production    of       potatoes   have 
shown   considerable      variation   during    the    1960-81      period   of 
this   study.         The    absolute   percentage      change   in    price   from 
year-to-year    ranged    from   a      low    of    0    in    196  9    to      a    high   of 
96.6    in    1964.         Percentage   chanqes    in    production    ranged   from 
a    low    oi    .7   in    1977    to   a      high   of    20.7   in    1965    (Table    1.3). 
A    common    belief   among    potato      marketing   specialists    is    that 
much    of    tnis      variability   in    FPR    has    been      diminished   as   a 
result    of   contract    purchases   by    processors.         Although    data 
are   unavailable   on    the   extent      to    which   contracts   are    used. 
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the  ratio   of  percentage  changes  in  price   to  percentage 
changes  in  production  tor  the   1960-81  data  period  does  not 
support  the  reduction  in  FPR  hypothesis.   Thus,  the  equation 
is  believed  to  be  correctly  specified. 
Research  and  .Promotion  Tax 

The  Potato   Research  and  Promotion  Act,    enacted  and 
iit  roved  in  1971,   stipulates  a  mandatory  withholding  of  one 
cent  per  hundredweight  on  potatoes   used  for  food  and  seed. 
This  collected  revenue  is  then  used  for  research,  promotion, 
development,    and  advertising   of   fresh  and   processed 
potatoes.    The  ultimate  objective  of  the  tax  is  to  increase 
potato  utilization  in  both  domestic  and  foreign  markets. 

Since  potatoes  for   food  censist  of  these   going  into 
iresh  and  processed  uses,   this   equation  is  specified  as  a 
function  of  (JZF  and  UZP. 

(4.14)   RPT  =  .01  UZF  +  .01  UZP 

Seed  potatoes  are  excluded  from   this  eguation  because  they 
contribute  a  relative  insignificant   proportion  of  total  tax 
revenues,   less   than  10  percent.    Besides,    given  the 
difficulty  of  100  percent  collection,  it  is  anticipated  that 
this   equation   will   generate   revenues   that   closely 
approximate  actual  collection. 
Spread_Between  getail_ana  Farm  Price 

This  equation   is  defined   as  a   function  solely   of 
marketing   cost.    Most   potato   marketing   is  done   by 
specialized  firms  save  for  some  limited  washing,  sorting  and 
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packing  by  a  tew  producers  (Summers  and  Drury,  1971)  ,    Si th 
marketing  being  a  specializ  d  operation,   marketing  cost  is 
then  logically  an  exogenous  variable. 

(4.  15)   SPS  =  f  (MC) 

The   extent    to    waich    marketing   costs   can    be  passed   on    to 
consumers   depends    upon,       among      other    things,      the   demand 
elasticity   for    potatoes,   all   cross-price   elasticities,      the 
income   elasticity    oi   demand    lor    potatoes,      and    the   relative 
importance    of    potatoes    in   consumers'    diet.         A    recent    study 
suggests   that    producers     consider   fresh  potatoes   to      be   of 
great   importance      in    consumers   diet      and,      as      a    result, 
ratailers    purposely      add    a    high      mark-up    to      them       (Potato 

l keting   Team,       1972).         These      mark-ups,      according    to 
producers,      stifle    demand   for      fresh   potatoes   and    therefore 
reduce   tiieir   potential   revenues. 
U  tilization_of  _Tota  l_P£oduc  tign 

A    balancing    eguation   is   specified      in    equation    4.16    to 
assure    utilization    cf    total    production.       Total    production    is 
estimated    in  equation    4.7.         Cf      this    production,       over    80 
percent    is   invariably    used   for   food.      The   remaining    potatoes 
are   diverted      to   Iiv_stock      feed   and      se  =  d,       or      lost    to 
shrinkage.         These   uses    are    captured    in    utilization    cf    other 
potatoes    (UZO) . 

(4.16)       QRP    =    UZ  f    +    UZP    +    UZO 

A  glance  at  Table  4. 1  reveals   that  UZO  is  estimated  as 
the  residual  of  total  utilization.    This  suggests  that  UZO, 
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while  not  exactly  fixed,   varies  only  tc  the  extent  that  the 
sum  of  UZF  aad  UZP  changes.   It  should  be  noted  that  exports 
are  part   of  this  tctal   utilization.    Imports   are  not 
included  because   they  are  of   such  limited   quantity  that 
their  inclusion  would  most  likely   have  little  influence  on 
the  empirical  results. 


CHAPTEH  V 
ECONOMETRIC  MODELLING  OF  THE  POTATO  SDBSECTOE 


Multicol linear it y 

Econometric   studies  which   utilize  time-series   data 
typically  contain   exogenous  variables   which  are   highly 
interrelated.    This  study  is  no  exception.    In  fact,  not 
only  are  roan/  of  the   exogenous  variables  highly  correlated, 
but  many  endogenous  variables  are  similarly  correlated  as 
would  be   expected.    Succ  correlation   presents  difficult 
estimation   problems.    Various   econometric  methods   for 
measuring  the   impacts  of   individual  variables   have  been 
devised  to  compensate  for  the   presence  of  high  correlation; 
such  correlation   is  known   in  econometric   literature  as 
multiccllinearity . 

Strong  interrelationships  among   independent  variables 
essentially  make  it  difficult   to  disentangle  their  separate 
effects  on  the  dependent  variable   (Maddala,   1977).    maen 
normal  econometric   estimating  procedures  are   used  without 
accounting  for  tiie  presence  of  multiccllinearity,   estimates 
of  the   regression  coefficients   are  generally  unstable, 
nonsignificant,   and  may  have   algebraic  signs  that  differ 
from  theoretical  expectations   (Chatter jee  and  Price,  1977). 
Instaoility  of  regression  coefficients   may  be  discerned  by 
observing   large   changes   in  tha   magnitude   of   these 
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coefficients  when  a  variable  is  added  or  deleted,   or  a  data 
point  is   altered  or   dropped.    The   ncusignif ioance  of 
variables  are  most  frequently   verified  by  their  associated 
large  standard  errors. 

Before  estimating  an  econometric   model  which  contains 
varianles   that  one   may  suspect   are  highly   correlated, 
several  tests   for  tne   presence  of   multic cllinearity  are 
often  applied.   If  aulticolliuearity  is  verified,  corrective 
measures  are   warranted  before  undertaking   the  estimating 
procedure.-.    In  the  present  study,  even  the  simplest  test, 
siaple  correlation  coefficients,   verified   the  presence  cf 
multiccllinearity .    Correlation   coefficients  among   both 
exogenous  and  endogenous  variables   frequently  approached  .9 
and  above.     After  considering   the  various   corrective 
methods,  principal  components  were  used. 

■  set ore   discussing  principal   components,   a   short 
discourse   on   other   available   methods   for   handling 
multicollinea rity  seems  appropriate.    Ttiese  methods  are  (1) 
dropping  variables,   (2)    riuge  regression,   (3)    using 
extraneous  estimates,  (4)   using  ratios  of  first  differences 
and  (5)    getting  mere  data  (Haddala,   1977).    The  author 
suggests  that  variables   may  be  dropped  from   a  model  when, 
although  theoretically  justified,  they  are  highly  correlated 
with  other  variables  but  unimportant  to  the  researcher.    In 
tne  present  study,   few  if  any  variables  met  this  criterion. 
The  ridge  regression  method  suggests  increasing  the  diagonal 
elements  of  tne  (X':X)  matrix  by  very  small  numbers  until  the 
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parameter  estimates  are  stable   (Hoerl  and  Kennard,   1970), 
Eecause  this  method   essentially  alters  the  data,    it  was 
considered  inappropriate  for  this  study. 

The  suggested   method  of   using  extraneous   estimates 
appears   most  appropriate   for  simple   models  for   which 
estimates  of  one  or  two  variables  may  be  derived  from  cross- 
sectional  as  opposed  to  time-series   data.    In  the  present 
model,   too   many  of  the   variables  are   interrelated  tc 
consider  compiling  cross-sectional  data.   Besides,  no  cross- 
sectional  data  exist  for  a  single  industry.   Using  ratios  or 
first  differences  is  another   suggested  method  for  handling 
multicollinear ity ;   however   when  either  of  these  procedures 
is  used,   other  econometric  problems   are  introduced  in  the 
process  of  solving  multiccllinearity  (Maddala,   1977).    In 
the  present  study,   no  common   trend  exists  to  suggest  the 
applicability  of  this  method.    Finally,   the  suggestion  cf 
getting  more  data  is  clearly   not  applicable  to  the  present 
study  since  the   only  avail eble  data  are  cf   the  same  type, 
that  is,  annual. 

In   discussing   solutions    to   mult iccllinearity , 
Intriligator  (1978)    suggests  that  a  legitimate  approach  is 
simply  to  recognize  its  presence  but  not  change  the  model  or 
the   data.   Tnat  is,  tne  model  should  net  be  respecified  nor 
should   additional  data   be   collected.    The   principal 
component   method  provides   a  solution   to  an   otherwise 
unsolvable  problem  cf  multicollinearity   by  transforming  the 
data;   that  is,  new  variables  are  created  as  mixtures  of  the 
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original  data.    This  method  involves   the  formation  of  n:w 
variables,  principal  components,   as  linear  functions  of  the 
exogenous  variables;  the  dependent  variable  (s)  is  (are)  then 
regressed  on  the  principal  components,    or  a  subset  of  the 
principal  components,   and  the  coefficients  of  the  exogenous 
variables  are   derived  irom  tiie  regression   coefficients  on 
the  principal  components.    A   thorough  discussion  of  this 
method  follows. 

Princi£al_Components 

Principal  components   nay  t'_   dctined  as   a  set   cf 
orthogonal  vectors  nhich  are  derived   as  linear  functions  of 
other  correlated  variables.   Toe  original  variables  are  most 
often  standardized   before  components  are   derived  because 
components  are  not   independent  of  the  scales   in  which  the 
origiaal  variables  are  measured  (Kendall,  1957).   A  variable 
is   standardized   by   subtracting  its   mean   from   each 
observation  and  dividing   by  the  standard  deviation   of  the 
observations   (Chatterjee  and  Price,  1977).    The  discussion 
which   fellows  is   predicated  on   the   assumption   of 
standardized  variables. 

Let  X  be   the  matrix  defined  below   with  n  observation 
and  k  variable...    one  principal   component  approach  is  to 
ascertain  the   number  of  independent  pieces   of  information 
among  these   k  variables.    One   may  have  seme   a  priori 
information,  simple  correlation  coefficients,   for  example, 
suggesting  that  it  is  less  than  k.  Or,  theoretical  reasoning 
may  lead  one  to  suspect  that  it  is  less  than  k.   In  any 
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event,       the   derivation   of    principal  components   from    the    X 

matrix    will      clearly    establish      the  amount      of    statistical 

independence    among    the    variaDles, 

Let   p..     be      the   first   principal  component      derived    from 

the    X    matrix   as 


(5.1)      ?1    =   a^x^    +   -21~2t  'kl'kt 


a_  n  x  _ ,    +    .    .    .    +   a,  n  x . 


t=  1, m . » ,n 


In   matrix   noration, 


(5.2)       ?1    =    Xa1 


where    p      is   a    n-eleaent   vector,    X  a    n    x    k   matrix    and    a      a    k- 
element    vector.       The    sum    of    squares   of   p      is 


(5.3)       p^  =   a'1X'Xai 


In   deriving    p,  ,      a,    is  chosen      such    that    p    p      is    maximized. 

rl     1  11 

This  objective  requires  placing  some  constraints  on  a   since 
p'p   can  La  increased  indefinitely.     To  this  end,   a-|_  is 
normalized  such  that 


(5.U)   a|a1  =  1 


Now  equation   (5.3)   can  be   maximized  subject   to  (5.U) 
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Dafininq  the  Laqranqean  function 


(5.5) 


3'  X'Xa   *  Xi(1  -  a£a  ) 


where  Xi  is   ?n  nn^^ninM   Laqranqe  mult iplier,    this 
fnnction  may  be  solved  as 


(5.6)   M 

da. 


=  2X  «Xa   -2)1,3 
1       x   1 


Solving  this  aquation  by  setting 


_3z_ 

3a. 


=  0,  results  in 


(5,7)   (X'l)  ax  =  Xi  a1 


"ok  the  characteristic  vector  a    ara  the  weights  associate-! 
with  the  X  variables  to   aerive  the  characteristic  root  Xi  . 
In  tie  tvpical  characteristic  value   problem,   a   and  Xi  are 
alternatively  referred  to  as   eigenvector  and  eigenvalue  or 
latent  vactor  and  latent  value. 

To  show  that   Xi  is  indeed  tha  largest   latent  root  of 
(X'X),  premultiply  (c..7)  by  a  •.    UsinT  (r>.3)  and  (5.  ft) ,    it 
is  readily  seen  that 


(5.8)   p|Pl 


Xi  a 


i\     -    ^' 


Since  a   was  chosen   to  maximize  p * n   and  p'  p   equals  Xi  » 
then  Xi   has  to  be  the  largest  characteristic  root  of  X'X. 

To  ieriva  tha  second  characteristic  sector  and  root  of 
X'X,  define  p  =  Xa.  To  assura  maximization  of  p  with  no 
corrala tion  with  p  ,    this  darivation  requires  the  additional 


constraint  that   a'  a  „,  =   0 

1   2 


This  constraint   follows  by 

atting  up  the  Laqrangean  function 


1  16 


(5.3)       z    =   a'T  Xa2    *    A2(1    -    all  2)    -   wa^a 


where      both       A2      and      w      are         Lagrange      multi  oli  ers. 
Diff 2 rentiating     (5.9)     with    reso^ct    to    a      yielis 


(5.10) 


3z 


9  =    2X'Xa2    -    2    A.a,        -    wa, 


Throaqh  simple  algebraic:  manipulations   of  (5.10)   user!  in 
conjunction  with  (5.7),   it  can  ba   shown  that  w  must  equal 
zero.   Thus  the  solution  to  (5.10)  is 


(5.  11)   X'  Xa2  =  X2  a2 


Using  the  same  analogy  as  applicable   to  (5.3) ,   it  can  be 
shown  that  A2  has  to  he   the  second  largest  characteristic 
root  of  X  '  X.    Latent  vsctors  anl  roots   can  ba  similarly 
derive!  for  the  remaining  k-2  variables. 

Assuming  all  k  prin.cinal  componants  are  derived,   they 
togath?r  with  all   characteristic  vectors  and  roots   nav  be 
compactly  shown  in  matrix  form.   Let 


(5.  12)   A  =  [  ax. 


*J 


be  the  k  x  k  matrix  of   characteristic  vectors.    The  n  x  k 
matrix  of  principal  comDonents  is  therefore 

(5.13)   P  =  X  A 


The  k  characteristic   roots  iav  ba  shown  in   matrix  form  as 
exprassed  with  equation  5.1U. 
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(5. 14)     P    P    =    A    X    XA 


Xi  0 

0  x2 


0  0 

0  0 


0 
0 


0 

0 


0 
0 


*k 


Since    the    X's   have   been    derived   such   that  Xx  >Xz^_. .  .H, 
and    the   sum   of    toe      X's   measures    the    total    variations   of    the 
X's,       then   the    proportion   of      the   variable   accounted    for    by 
any    component,    p  .   ,    equals    Xi   /  EX  .         If    any   X.     equals   zero, 
there    is      perfect    linear      relationship   among      the    original 
variables       (Chatter jee    and   Price,    1977).         Multicollinearity 
is   often   revealed    when   some     A.    is   not    only   small   relative   to 
the   other   X's    but    also   near    zero.         In   these   instances,    the 
principal   components   corresponding    to    the      small    X's    may    be 
dropped,       but    this    is   not      tantamount    to   dropping    variables 
from    the      original    data       (Kendall,       1957).  Estimated 

parameters   from   a    subset    of    principal    components   are    biased, 
but   considerable      gains   are    realized      in   the      precision   of 
these   parameters.       with    this    general    discussion    of    principal 
components,    we    now    turn    to    their    application    in   simultaneous 
equations. 

Principal_Compqnents_in_Simultanegus_Eg_uat  ions 

A    search      of    the      literature   reveals      that    principal 
components     have      been    used      in      simultaneous     equations 
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invariably  to  solve  degrees  of   freedom  problems  rather  than 
provide   solutions   to   problems   of   multicollinearity. 
Researchers  employing   principal  components   to  solve   the 
first-mentioned  problem  include  (Kloek  and  Mennes,   1960)  , 
(Amemiya,   1966)     and  (Klein,    1969).    Since   both 
multicollinearity  and  insufficient  degrees   of  freedom  lead 
to  singularity  or  near  singularity  of  the  (X'X)  matrix,   the 
use   of   principal   components  to   solve   problems   of 
multicollinearity  should   be  analogous  to  that   of  solving 
problems  of  degrees  of  freedom.   To  this  end,  the  discussion 
which  follows  draws  on  the  aforementioned  studies. 

The  system  to  be  estimated,   as  indicated  in  Table  4.1, 
is 

(5.15)    r   +  3  X   +  Dfc  =  0       t  =  1,.  .  .,n 

where  r  is  a   GxG  matrix   of   coefficients  of   current 
endogenous  variables,  3  is  a  G  x  K  matrix  of  coefficients  of 
predetermined  variables,   and  Y.   ,    Xt  and  0.  are  column 
vectors  of  G,  K,  and  G  elements,   respectively.    A  single 
equation  from  this  system  may  be  written  as 

(5.  16)   y  =  I  r  ♦  X  3  +  u 

where 

y  is  taa  N  x  1  vector  of  observations  on  the  dependent 
variable , 
Y   is  the  N  x  g  matrix  of  observations  on  the  others 
endogenous  variables  included  in  the  equation. 
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is  the  g  x  1  vector  of  coefficients  on  the  Y 

endogenous  variables, 
X   is  the  n  x  k  matrix  of  observations  on  the 

predetermined  variables  in  the  eguation, 

is  the  k  x  1  vector  of  coefficients  on  X, 

is  the  N  x  1  vector  of  random  errors. 
Considerable   degrees   of    freedoa   problems   are 
experienced  in  the  estimation  of  eguation  (5.16)   using  two- 
stage  least-squares  (2SLS)   if   the  number  of  predetermined 
variables  (K)    equals  or  exceeds   the  number   of  sample 
observations  <H) .    In  large  models,   it  is  not  uncommon  to 
observe  K  >   H   (Kloek  and  Mennes,   1960).    Since   K  >  8 
implies  a  singular  (X'  X)  matrix  and  the  resulting  inability 
to  estimate  the  reduced-form  disturbances,   Kloek  and  Mennes 
(1960)    recommend  the   use  of   principal  components   to 
effectively  reduce  K.   The  number  of  predetermined  variables 
(K)  may  be  similarly  reduced  when  there  is  multicollinearity 
among  them   (Klein,  1969). 

Kloek  and  Mennes  (1960)   outlined  four  alternatives  for 
determining   principal  components  from  the   predetermined 
variables.    Let  X  =  (X,  X-,)   represent  the  division  of  all 
prede termiuei  variables  (X)  into  those  included  (X..  )   in  the 
equation  under  study   and  those  excluded  (X„  ).    Then  the 
alternatives  suggested  by  Kloek  and  Mennes   (1960)    are  (1) 
include   the  X,   variables  and   the   first  m   principal 
components  (m  also  must  be  determined),   (2)   include  the  X 
variables  and  the   m  principal  components  derived   from  the 
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residuals  of  tne  regression  of  the  X2  variables  on  X-^  (   (3) 
include  the   X^  variables  and   the  m   principal  components 
which  are  least  correlated  with  X  ,  ,   and  (4)   include  in 
principal  components  from   X  which   capture  the   maximum 
variance.    Because  the  first  three  of  these  methods  require 
calculation  of  a  different  set   of  principal  components  for 
each  equation  in  a  simultaneous   system,   the  authors  favor 
the  last- mentioned  method  because  of  its  practicality.   As  a 
variant  of  this  method,  Klein  (1969)  used  2SLS  with  four  and 
eight  principal  components  and  concluded  that  2SLS  with  four 
components  performed   bttter  than   (1)   2SLS   with  eight 
components,  (2)  ordinary  least  squares  (OLS)  and  (3)   full- 
information  maximum  likelihood  (FIML)  estimators. 

Since  a  single  set  of  principal  components  determined 
from  all  predetermined  variables  is  most  commonly  used  in 
research  studies,  the  strengths  and  weaknesses  of  tae  other 
methods  are  not  addressed  (Kloek  and  Mennes,  1960).  Even 
with  a  single  set,  the  number  of  components,  m,  must  still 
be  determined. 

Several  criteria   have  been  suggested   for  determining 
the  optimal  number  of  components   (m).    Kendall  and  Stuart 
(1966)   suggast  using  a  test  on  the  equality  of  those  latent 
roots  that  appear  small  in   comparison  to  other  roots.    If 
such  test  shows  equality  of  (k  -  m)  roots,   (m  <  k)  ,   taen 
only  the  first  m  components   corresponding  to  tnese  a    roots 
are  retained.    As  a  variant  of  this  criterion,  Pidot  (1969) 
and  Mittelhamaer   and  Earitelle   (1977)   have   suggested 
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deleting  components  with  small   characteristic  roots  without 
testing  the  equality  of  these   roots.    Pidot  (1969)   also 
suggested  the  deletion  of  principal   components  based  on  t- 
values  or   tne  regression  coefficients,    components  with 
nonsignificant  t-vaiues   being  deleted.     Of  the   three 
methods,    choosing  components   based   on   the  size   of 
characteristic  roots  appears  most  practical  and  therefore  is 
adopted  here. 

Conceptually  m   should  be   inversely  related   to  the 
degree  of  correlation  among  variables,   since  each  component 
captures  the  maximum  variation  in  the  independent  variables. 
However,    the  requirement   for  equation  identification 
inevitably  will  influence  m  since  it  must  be  greater  than  or 
equal  to  the  number  of  endogenous  variables  (G)  appearing  in 
the  equation   (Kloek.  and  Kennes,  1960).   Because  the  current 
study  utilizes  principal  components   on  those  predetermined 
and  endogenous  variables  included  j.n  each  equation,   a  more 
restrictive   requirement  could   be  used   to  determine   m; 
namely,   in  must   capture  at  least  90  percent   of  the  total 
variation  in  the  X.  variables. 

Principal  Components  in  Presen_t_Study 

Because  the  model  specified  in  Table  U.1  to  analyze  the 
U.S.    potato  industry  is  based  on  well-developed  underlying 
econoidic   theory,    all   variaoles,    despite   strong 
interrelationships,    are   considered   crucial   to   an 
understanding  of  chaages  occurring   in  the  potato  industry. 
Consequently,  variables  are  not  dropped  or  aggregated  to  get 
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better   or  precise   estimates   of  specified   parameters. 
Instead  principal  components,   linear  combinations  of  the 
original  variables,   are  derived  and  used  in  the  estimation 
of  those  equations  with   extreme  multicolli nearity  problems; 
these  estimates  are  then  used   to  derive  the  coefficients  of 
the  original  variables. 

A  quick   glance  at  the   model  specified  in   Table  4.1 
reveals  sixteen  endogenous  and  twenty  exogenous  variables  to 
analyze  the  0,S.  potato  industry.   No  equation  includes  more 
than  four   endogenous  nor   more  than   seven  predetermined 
variables.    Despite   the  limited  number  of   variables  per 
equation,   simple  correlation  coefficients  as  well  as  other 
tests   revealed  severe   multicollin earity   among  sets   of 
endogenous,   sets   of  exogenous,    and  combinations   of 
endogenous  and   exogenous  variables.     A  search   of  the 
literature  revealed  no   studies   that   have  dealt   with 
collin^a rity  among  both  endogenous   and  exogenous  variables. 
However,   a   simple  extension  of   the  uses   of  principal 
components  seems  applicable  to  such  a  problem. 

To  facilitate  our  discussion,    consider  equation  4.4 
from  the  system  of  equations  specified  in  Table  4.1. 

(5.17)   ASS  =  Ti  CRP  +  V2   OZF  +  T3  OZP  +  II0   +   Ih  GE 

+  n2  gd   +  n3  pcmi  +  o 

The  simple  correlation  coefficients  on  the  variables  in  this 
equation  are  reproduced  below  in  Table  5.1.  Observation  of 
the  coefficients  reveals  that  the  variables  in  this  equation 
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are  too  uighly   correlated  to  obtain  precise   estimates  cf 
individual  parameters.   However,  Chatterjee  and  Price  (1977) 
have  shown  that  it  is  possible  tc  obtain  estimates 

Tan le  5.1 — Correlation  Coefficients 


CRP 

UZF 

UZP 

GB 

GD 

PCML 

CKP 

1.0000 

UZF 

-.9319 

1. 00  00 

UZP 

.8537 

-,687o 

1,0000 

GE 

.9159 

-. 962a 

.9476 

1. CCOO 

GD 

-,8890 

.  906  9 

-.9145 

-.9502 

1.0000 

PCML 

-.3307 

.8240 

-.9079 

-.8332 

.7962 

1  .0000 

for  linear  combinations  of  the   exogenous  variables  for  such 
equation.    Following  the  methodology  outlined  by  Chatterjee 
and  Price  (1977),   linear  combinations  of  the  endogenous  and 
exogenous   variables  are  used   to   calculate   principal 
components.    Parameter   estimates  are  obtained   on  these 
orthogonal  principal  components  and  then  these  estimates  are 
used  to   derive  tne  parameter   estimates  for  the  original 
variables.    Of  course,  means  of  maintaing  the  simultaneity 
of  the  system  with  principal   component  estimation  are  also 
developed. 

Given  a  simultaneous  system  in  which  the  endogenous  and 
predetermined  variables  of  specific   equations  are  treated, 
in  essence,   as  single  sets  oi  predetermined  variables  when 
estimating  principal  components,   the   simultaneity  of  the 
system  will  vanish  when   each  respective  dependent  variable 
is  estimated   on  these  components.    Simultaneity   can  le 
maintained,   nowever,   if  the   portions  of  the  components 
accounted  for  by  the  endogenous  variables  are  specified  as 
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variables  ana  these  respective  variables  thee  constrain  the 
system  as  identities.   An  example  of  the  process  follows. 

Consider  the   advertising  equation   5.17.    Principal 
components  are  derived   on  the  set  of   variables  as  though 
they  are  all  predetermined.    Only   two  components  are  used 
since  they  capture  95  percent   of  the   total  variability 
(Table  C.2) .    The  weights   {eigenvectors)   used  to  derive 
these  components,    together  with   the  mean   and  standard 
deviation  of  each  variable,  are  reproduced  below, 

Tatle  5. 2--Eigenvectors 
Variable      Compl      Comp2      Mean      St.  Dev. 


CEP 

.4059 

.2337 

64.61 

4.16 

OZJP 

-.4130 

-,2907 

62.7  6 

12.62 

UZP 

.  4126 

-.2932 

59.95 

15.26 

GB 

.4203 

.  2204 

55.85 

17.07 

GD 

-.4089 

-.3004 

.7753 

.0399 

JCUL 

-.3678 

.7976 

6.  032 

1.692 

Estimating  eguation  5.17  on  the  two  components,  Compl  and 
Comp2,  would  be  tantamount  to  estimating  a  single  eguation 
that  had  no  relationship  to  the  other  fifteen  of  the  system. 
The  components  were  therefore  separated  into  portions  which 
were  due  to  (1)  endogenous  and  (2)  predetermined  variables. 
These  respective  variables  were  then  identified  as  part  of 
the  data  set  and  the  portion  represented  by  the  endogenous 
variables  further  denoted  as  identities  constraining  the 
system  (Table  C.3).  These  identities,  in  effect,  maintained 
the  simultaneity  of  the  system. 
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TIig    principal      component    variables      resulting    from      the 
above    endogenous   variables   are 

(5.18)  BARD1    =    .4059/4.16     (CRP   -    64.61)     -    .4130/12.62 

(OZF    -    62.76)     +     .4126/15.26     (UZ?   -    59.95) 

(5.19)  BARD2  =  .2337/4.16  (CRP  -  64,61)  -  .2907/12.62 

(OZF  -  62.76)  -  .2932/15.26  (UZP  -  59.95) 

The  remaining  portions  of  these  components  attributed  to  the 
predetermined    variable   may   be   similarly    written  as 

(5.20)  CAHD1    =    .4203/17.07     (GR    -    55.85)     -    .4089/. 0399 

(GD    -    .7753)     -    .3878/1.692     (PCHL    -    6.032) 

(5.21)  CARD2    -    .2204/17.07     (GB    -    55.85)     -    .3004/. 0399 

(GD    -    .7753)     +    .7976/1.692     (PCFIL    -    6.032) 

It    should    be   obvious   from   the   derivations    that 

(5.22)  COMP.j_    =    BARDjl  +    CARD  ^ 

The  means  and  standard  derivations  enter  the  principal 
components  5.18  -  5.21  because  each  variable  is  standardized 
in  tne  process  of  deriving  coiaponents.  The  endogenous 
portions  of  these  components  are  further  specified  in  the 
eguation  system  as  identities;  for  estimating  purposes,  all 
identities  are  specified  as  linear  combinations  of  the 
variables.   Thus,  the  first  identity  is  written 

(5.23)  Identity  BARD1  =  .0975  CRP  -  .0327  UZF  + 

.0270  UZ?  -  5.8679 
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Equation    5.17      is    estimated    as 

(5.24)     ASR    =    Ti  DARD1     +   T2  BARD2    +    n0     +    IT i  CARD1     + 

n2    CARD2    +u 

with  the  restrictions   that  Ti  -  IT i   and  r2  ~   II 2   equal  zero. 
These  restrictions  mean  that  the   equation  is  estimated  as  a 
function  of   COMP  .  while  simultaneously  allowing   the  system 
to   recognize  the   interrelationships   among  the   endogenous 
variables  as  specified  in  the  identities. 

Estimating  techniques  identical  to  those  used  in 
equation  5.17  were  used  for  eight  additional  equations 
because  of  the  presence  of  multicollinearity.  Additionally, 
multicollinearity  among  the  set  of  predetermined  variables 
also  require!  the  derivation  of  principal  components.  Five 
components  were  used  as  these  captured  95  percent  of  the 
total  variation  (Table  C.2).  Each  endogenous  variable  was 
estimated  as  a  function  of  these  five  components  in  the 
first-stage  regressions.  These  estimated  endogenous 
variables  were,  in  turn,  used  in  the  second  stage 
regressions,  Third-stage  regressions  were  then  derived  on 
the  complete  system  of  equations  (Table  C.U) .  The  resulting 
parameters  and  statistical  properties  of  these  parameters 
are  discussed  in  Chapter  VI. 


CHAPTER  VI 
OPERATIOIALIZIHG  THE  POTATO  HODEL 


Introduc tio n 

The  purpose   of  this  chapter   is  to   report  estimated 
empirical   results  ior   both  the   structural  ana   market 
equilibrium  sectors  of  the  D.S.  potato  industry  as  set  forth 
in  Table   4.1.    First,   the   procedures  used   to  derive 
parameter  estimates  from  principal  component  parameters  will 
be  reported.     Second,   parameter  estimates  for   the  six 
structural  equations   will  be  reported  and   the  statistical 
significance  of   these  parameters  evaluated.    Estimated 
structural  changes  in  the  potato   industry  will  be  analyzed 
from   both  empirical    and   theoretical   perspectives; 
discrepancies  between  theoretical  expectations  and  estimated 
results  will  be  underscored. 

Following  the  report  of   the  structural  equations  will 
be  a  report   of  the  market  equilibrium   equations  and  their 
associated   parameter   estimates.      The   statistical 
significance   or   these  parameters   together   with   the 
procedures  used   to  determine   this  significance   will  be 
reported.    These  parameter  estimates  then  will  be  evaluated 
for  their   conformity  to  economic  theory;    dynamics  among 
structural  and  market  equilibrium  parameters  will  be  noted 
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and  highlighted.    Finally,   a   summary  of  structural  and 
market  equilibrium  results  will  be  reported. 

Parameter  Estimates  and  Their  Properties 

ks   discussed   in  the   preceding  chapter,    principal 
components  are  used  to   estimate  equations  with  considerable 
or   extreme   multicollinearity  problems.     Because   of 
multicoilinearity,    all   six  structural   equations   are 
estimated  with  principal  components.   Parameter  estimates  of 
the  original  variables  in  eacn   structural  equation  are  then 
derived  from  the  estimated  principal  component  parameters. 

Since  principal  components  are   linear  combinations  of 
original   variables,   the   parameter   estimates  for   the 
principal  components  can  be  decomposed  into  their  respective 
estimates  for  the  original   variables.    To  understand  the 
method  of  derivation,   consider  equation  4.1  from  the  system 
of  equations  in  Table  4,1. 

(6.1)      npp   =    Ti  pea   +    t2  uca   +     no    +  ni    ms  +     n2   gr 

+  Ha  GD  +   It  CT  +   Is  PCML  +     He  DZPL  +  U. 

This  equation,   estimating  the   number  of  potato  processing 
plants,    is  a   function   of   two  endogenous   and   six 
predetermined  variables.     Considering  all   variables  as 
exogenous  (as  explained  in  Chapter   V)   for  the  purpose  of 
deriving  principal  components,   a  total  of  eight  components 
are  derived.    Only  tne  first  two  of  these  eight  components 
are  used  in  the  regression  as  90  percent  of  the  total 
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variability  among  these  variables  are  captured  by  these  two 
components    (Table    C.2). 

The    two   components   may   be   written      as 


(6.2)  Corapl    =    -.33301    PCM    +    .35579    UCA    *    .38058    MS 

+    .38095    GE    -    .37227    GD    +    .28603    CT 

-  .3*4123    PCML    +    .36836    OZPL 

Comp2   =     .44814    PCM    *    .03583    UCA    *    .13285    MS 

-  .03525    GR   -    .09860    GD    +    .79737    CT 
+    .34015    PCML    -    .13297    OZPL 

Equation    6.1    is   estimated   on    the   two   components   as 

(6.3)  HPP    =     Bo   +  Bi  Compl    +  B2  Comp2    +    0 

The  estimates  for  these  parameters  are  Bo  =  352.701,  Bi  = 
-33.003  and  B2  =  -23.199.  To  derive  the  coefficients  in 
equation  (6.1)  from  the  principal  component  parameters,  .  the 
weignts  on  each  respective  variable  are  multiplied  times 
both  Bi  and  B2  and  then  the  resultiuy  sums  divided  by  the 
standard  deviations  of  the  corresponding  variables,  For 
example, 

(b.4)        Ti     =       -.  3330  1  (-33.003)     +    .  4481  4  (-23  . 1  99  )       /1.5617 

where    1.5617    is   the   standard      deviation   of    PCM.         Parameter 
estimates    for    the    remaining    variables    of    equation     (6.1)       and 
the    remaining    equations   of    Table    4.1    are   similarly    derived. 

The    preceding    example    was   simplified    for   the    purpose   of 
clarity.         More   generally,    equation    6.1    was    estimated   on    the 
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two    principal    components  as    noted   in   equation    6.3,    but   these 
components      were      separated    into      their      endogenous      and 
exogenous   parts.         Thus,      two   additional    Beta   coefficients 
resulted    from    the   estimation    of   equation    6.3.       Specifically, 
the    equation    was    estimated    as 

(6.5)  NPP    =     1o    +T1BM1AI       +  T2   BA&A2      +    DjCAHAI 

+  ri2    CAEA2 

Table      C.3    provides      the    estimating       procedures   for      all 
equations   estimated    with   principal   components.       Restrictions 
are    placed    on    the    T    's    such    that     (   T i  -  n i  )  and     {  T2  -  ri2   ) 

equal   zero.  As    a   consequence,  the      derivations  as 

described      in    the      preceding      example   are      mathematically 
correct,       but      the    impact      of    restrictions      on    the      Beta 
coefficients   and    their    variances    must      now    be   recognized    and 
highlighted.         fiecali    that    including      the   equations  for    the 
endogenous   pirt   of    the    principal      components    allows    for   all 
endogenous   variables   to    be   clearly   identified    throughout    the 
system. 

Consider    the    system    of    equations     as   specified    in   Table 
4.1    and    represented   below   in    more   general  notations    as 

(6.6)  Y    =    Z3    +    U 

wnere    X   =(*,_...    S^)  ,    Z   =    [YQ    XR)  ,    0    =    (   r Q  iy 

and  U  =  (U-j_  .  .  .  q^  )  . 
Zellner  and  rheil   (1962)    have   shown  that  an  alternative 
and  erriciant  method  of  estimating   the  system  of  equations 
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spe~ifie!  in  (6.6)  is  to  first  premult iplv  it  through  bv  the 
matrix  of  observation  on  all  the  predetermine!  variables  in 
ths  system  and  then  estimate  this  alternative  form  by 
generalize!  least  squares.  5\izh  multiplication  leads  to  the 
following  system 

(5.7)   IT  y  =   n*z3  +  n'U 

where  II  is   the  iiagonal   matrix  of      observation  on   all 
predetermined  variables. 

A  set   of  restrictions   impose:!  on   this  system   of 
equations  may  be  specific  as 

(5  .8)   r  =  PB 


where  r  is  a  1*1  known  vector  and  P  is  a  GxK  known  matrix  of 
restrictions  on  the  elements  of  B.    With  these  restriction^ 
imposed  on   (5.7),   it  can   be  shown  that   the  resulting 
restricted  three-stags  least-squares  (33LS)  estimator  is 

-1. 


(6.9)   $  =  3  +  CR»(BCRf)   (r  -  P  B) 


where  3  is  the  unrestricted  (1SLS)  estimator  and  equals 

3=  {z,n[i~1@  (x'x)-1]  ipz}-1  z-n  fz"1® .(x-x)-1]  n-y 

2    is  the  first   nart  of  3  enclose!  hv  {  }    ,  p  and  r  are  as 
previously  define:!.    These  restricted  and  unrestricted  3SLS 
estimates  were  derive!  respectively   bv  Schmidt  (1976,   p. 
243)  and  Goldberger  (1964,  p.  351). 

Prom  the  estimates  expresso!  in  (6.9),   it  can  be  seen 
that  the  restricted  estiaator   differs  from  the  unrestricted 
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ono  by  the  second  expression  on  the  right-hand  sidle.   Tn  the 
present  modal  where  the  3  's   are  derived  from  coefficients 
of  principal  components,  the  estimator  in  (6.9)  becomes 


(6.10)  $   =  {W[3  +  ZR'(pCR')  1  (r  -  RBI]} 


-1 


where  W  is  a  diaqonal  matrix   of  weights  or  eigenvectors  and 
V  is   a  column  vec+or  of   the  standard  deviations   of  the 
variables  corresponding  to  the  respective  blocks  of  W.    It 
should  be  rioted   that  the  division  by  V   is  necessary  only 
because  the  original  variables  have  beQn  standardized  in  the 
derivation  of  princioal  components.    To  be  accurate,   the 
means   also  should   b?   subtracted   from  the   estimators 
expressed  in  (6.10).   Since  only  the  intercepts  are  affected 
by  subtraction  of:  means,   and   thev  are  of  minimum  interest 
hers,   this   step  is   excluded  to   avoid  cluttering   the 
expression. 

While   the  3  estimator   has  been   derived  by   other 
rcsei  rch.ers ,   its  variance  properties   have  not  been  shown. 
The  expression  in  (6.9)   ran   be  used  for  these  derivations 
since  the  additional  operations  in  (6.10)   are  relevant  onlv 
to  tie  final  result.    These   derivations  are  included  here 
because  they  are  unavailable  in  other  sources. 

Usinq  the  restricted  and   unrestricted  3SLS  estimators 
derived  respectively   by  Sch.oi.at   (1976)     and  Goldberger 
(196'4)  ,  it  is  shown  that  the  variance  of  3  differs  fron  the 
variance  of  3  by  the  matrix  A    =      [Z    -    C.R  '  (R  22 ' ) _1  R],    To 
derive   this   result,   the   unrestricted   estimator   is 
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substituted  into  the  appropriate  parts  of  the  restricted 
estiaator  and  the  appropriate  algebraic  and  aiatlieoatical 
manipulations  parformed. 

The  variance  of  p  is  derived  as  follows.    Sabstitutiag 

the  unrestrictal  estimator  B   and  y  into  the   first  part  of 
the  restricted  estimator  p 


(3.11)  $  ={z-n[£  1©  (x,x)~1]n,z}  z'ii[E  10  (x-x)"1]  n«  (zb  +  u)  + 


CR'     (RCR1)     1     (r-Rg) 
This    reduces    to 


(5,12)       $  =  3  +  c{z'n[z_1®  (x,x)"1]n'    U  +  CR'    (rcr')"1    (r-RB) 


Substituting     B    i-n    the    last    part    of    (6.12)     yields 


(5.13) 


or    simply 


B  +  c  {z'  [  E  1(x)  (x'x)"1]  IT"   u  +  cr'    (rcr')    1 

RCZ'II[lf       (X,X)~1]^,    U 


(5.  14)       $   =    3    +    {i    -    CR'     (RCR1)"1    R   CZ'     n[Z_1(x)   (X'X)"1]    IT'    U 


Le 


t  \  =  I  -  CE'  (RCR1)"  B»   Then  the  variance  hecon-.es 


(s.15]  e($  -  B)  $  -  B) '  =  E{Acz-n  [z  1®  (x,x)~1]n,uu'  n 


[i   1  (x)  (X•X)~1]^■ZC,A, 


~oldberger   (1364,  p.   350)   has  shown  that  Ffn'uu'II)  equal; 
(E®v«x).   Using  this  value  in  (6  .  1r>)  yields 


(5.16)      Var    ($)    =    {ACZ'n[E    X0  (X'X)"1]    n'ZC'A'} 


Substituting  for  "  in  (6.16)  above  yielis 


(6.17)  Var  (^)  =  A{Z'  n[Z  X@  (X'X)"1]  H'z}"1  A' 


13a 


Substituting  for  a  in  (5.17)   and  carrying  out  the  algebraic 
operations,  this  variance  simplifies  to 

(5.  18)  Var  ($)  =  A  {z'  n[E_1(x)  (X'X)-1]  n'z}""1,  or  simply  AC. 

Soldberqer   (196*},  p.   352)    has  shown  that  the  C  in 
(5.13)   is  the  variance  for  the  unrestricted  3SLS  estimator. 
Thus,   +  he  variances  for  the   two  estimators  differ  bv  the 
matrix  A.         No  general  statements  :ar.  be  made  about  A.  since 
it  is   dependent  upon  the   restrictions  on  the   system  of 
equations.    Moreover,  it  would  not  ha  valid  to  estimate  the 
variances  of  an  unrestricted  system  and  then  compare  then;  to 
those  obtained  from  adding  restrictions   since  the  B's  would 
also  differ.    The  above  derivations   are  intended  only  to 
show  how  variances  of  restricted   3SLS  ar°  determined  once  ? 
is  cocci fied, 

Te  reflect   the  use  of    orincioal  components   in  the 
present  model,  the  variance  expression  in  (6.1^)  becomes 


(5.  19)      Var    ($)    =  W    [a{z'II[E    1@  (X'X)     1]     n'z}    \ 


It  should  be  noted  that  the   3  's  in  (5.19)   have  not  been 
divided  by  V  to  corr?:*  for   th°  ssale  factors  as  in  (6.10). 
This  is  due   to  the  equivalence  of  the   t -values  por  scaled 
and  unsealed  3  's  when  these   values  are  derived  from  scaled 
B's  and  a  scaled   variance-covarianca  matrix  (Chatterjee  and 
Price,  1977).    Thus  the  variance  expression  in  (^.19)   is 
reflective  of  the  fact  that   the  Statistical  Analysis  System 
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(SAS)   package  as  used  in  the  present  study  reports  only  the 
scaled  variance-covariance  matrix.    The   ultimate  step  of 
deriving  t-values   for  3-  equals  zero  involves   dividing  the 
parameter  estimates  in  (6.10)  (less  division  by  V)   by  their 
standard  errors  (square  root  of  6.19).    Because  of  the  size 
of  the   matrices  involved  and   the  relative   efficiency  of 
computers,  the  3  •  s,  standard  errors,   and  t-values  reported 
here  are  as  derived  from  the  SAS  package. 

Structural  Equations  Results 

The  tnree-stage  least  squares   estimators  conform  well 
with  a   priori  theoretical  expectations,    particularly  in 
ligat  of  the  number  of  parameters  estimated.    Of  the  thirty 
(30)  estimated  parameters  for  which  economic  theory  provided 
insigat  and  guidance  as  to  expected  signs,   twenty-two  (22) 
were  signed  as  expected.    Instances  of  sign  divergence  are 
explainable  and  appear  to  be  related  to  the  rapid  structural 
changes  occurring  in  the  potato  industry.    Proxy  variables 
may  also  be  a  factor  in  the  divergence  of  signs. 
Number  of  Processing  Plants  (NPP) 

The  first  equation  estimating  the  number  of  processing 
plants  (NPP)  performs  unsatisfactorily  in  terms  of  apriori 
expectations.  Tnree  of  the  eight  estimated  parameters  have 
signs  which  differ  from  theoretical  hypotheses  and  a  fourth 
parameter,  Ti3  ,  although  correctly  signed,  is  statistically 
nonsignificant.  All  parameter  estimates,  except  Fi 3  though, 
are  statistically  significant.   These  parameter  estimates. 
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their  standard  errors,  and  t- ratios  are  shewn  in  Table  6.1. 
The  full  model  is  shown  in  Table  6.3. 

As  the  results  in  Table  6.  1  show,   NPP  is  unaffected  by 
PCM.    On  the  surface,  this  suggests  that  pctato  processors 
are  not   guided  by  profits   when  constructing   or  closing 
plants.   A  more  subtle  examination  of  the  industry,  however, 
reveals  that  processors  simply  cannot  respond  immediately  to 
changing  profit  conditions    but  do  adjust   their  plants 
accordingly  after  some  time-lag.   This  adjustment  process  is 
revealed  in   the  positive  and  significant   coefficient  for 
PCML.   Another  parameter  with  a  sign  that  seems  to  represent 
the  antithesis  of  economic  theory  is  UCA.    Unquestionably, 
as  the  utilization  ci  capacity  of  an  industry  increases,   a 
positive  signal  should   be  sent  tc  entrepreneurs   to  adjust 
plants  accordingly.    The  current  parameter  estimate  for  UCA 
indicates,  however,  that  a  one  percent,  increase  in  UCA  leads 
to  a  1.4  unit  decrease  in  NPP.   Does  this  suggest  irrational 
behavior  on  cue  part  of  potato  processors?    An  examination 
of  the  industry,  as  discussed  below,   suggests  a  resounding 
no  to  this  question. 

At  its   inception  and   initial  growth,    the  potato 
processing  industry,  particularly  the  chipping  sector,   was 
inundated  by  small  processors  (Snack  food  Blue  Book,   1976). 
As  the   industry  matured   and  adopted   many  technological 
improvements,   many  smaller   processors  ceased  production. 
With  small  operations  and  primarily  lecal  markets,  many 
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Table   6. 1 — Paraaeters    and  Statistics  for   Structural 
Equations 

NPP  Equation    6.1 

VARIABLE                    NSTAD-B  STAD-B  STAD-EER  T-BATIO 

Intrc   (IUo)                 352.70  -  5.104  69.099 

PCM         (Ti3)                         .38  .594  1.973  .301 

OCA        (Tie)               -144.53  -12.574  .622  -20.215 

MS           (nn)                    -1.30  -15.643  ,846  -18.489 

GR           (IIi, 17)                  -.59  -11.732  .670  -17.500 

GD           (111,1*)             364,42  14.574  .750  19.430 

CT           (Ih  3)                    -3.66  -27.939  3.366  -8.300 

PCML      (II12)                       1.99  3.371  1.550  2.173 

UZPL      (IIi, is)                  -.55  -9.073  .848  -10.692 

C5P  Equation    6.2 


Intrc 

(II20) 

64.607 

— 

.288 

223.606 

NPP 

(r2o 

-.007 

-.670 

.048 

-13.684 

ASR 

(r2<o 

272.668 

.626 

.104 

5.973 

MS 

(II21) 

.059 

.710 

.045 

15.619 

CK 

(n25) 

.  146 

.554 

.103 

5.384 

CT 

(H23) 

.069 

.530 

.115 

4.607 

PCML 

(n22) 

-.393 

-.666 

.076 

-8.751 

ASfil 

(n2,20) 

269.984 

.650 

.091 

7.079 

PCM 

Equation    6.  3 

Intrc 

(n30) 

5.84  0 

— 

.  180 

32.401 

CRP 

(r32) 

-.090 

-.377 

.051 

-7.310 

OCA 

<r«) 

-2.  192 

-.  190 

.113 

-1,687 

PCML 

(n32) 

.475 

.805 

.146 

5.U90 

ASR 

Equation    6. 4 

Intrc 

(IUo) 

.  0096 

— 

.000288 

33.21  12 

CRP 

cr«) 

.000047 

.000197 

.000109 

1.8111 

UZF 

(i\8) 

-.000013 

-.000171 

.000132 

-1.2935 

0ZP 

(r*s) 

.000032 

.000503 

.000134 

3.7520 

GR 

(iu,i7) 

.000012 

.000217 

,000104 

2.0749 

GD 

(IU*) 

-.004058 

-.000162 

.000136 

-1.1919 

PCML 

(n«) 

-.  000455 

-.000770 

.000346 

-2.2261 

CCA 

Equation    6.5 

Intrc 

(Hso) 

.08*202 

— 

.009248 

9.6451 

NPP 

(Tsi) 

.000181 

.015699 

.002388 

6.5724 

OCA 

(r56) 

-.  171237 

-. 014897 

.003426 

-4.3473 

PCML 

(n52) 

. 00830b 

.014057 

.006426 

2. 1873 

CK 

(n55) 

-. 003839 

-.01U506 

.008070 

-1.7797 
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Table    6.  1 — Continued 

OCA  Equation    6,6 

VARIA3L2  NSTAD-B  STAD-B  STAD-ERH  T-RATIO 


Intrc 

(n60) 

.589443 

- 

.009724 

60.6360 

NPP 

(r61) 

-.000265 

-.023066 

.002556 

-9.0234 

CCA 

(rSb) 

-.846003 

-.054441 

.012733 

-4.2756 

OZP 

(r6a) 

.000651 

.009951 

.004  733 

2.  1023 

PCHL 

Olsz) 

.001047 

.001773 

.008086 

.2192 

Note    that   each    dependent    variable   and   equation    number 
correspond   to    those  in  Tables   4.1    and   6.3. 
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smaller   processors    utilized    only   a      fraction   of   their    total 
capacity    because  their    production    periods      were    limited    to    a 
few    months      per   year.  As    these      smaller   firms      ceased 

production,       UCA    for    the   industry   increased.         The   current 
econoaic-maricet-structure   theory      pertaining   to      this    issue 
suggests    that      OCA    is    related      to   demand      conditions   and, 
therefore,      ne«»      capacity  is    added      in    response      to    these 
conditions    (Sawhney    and    Sawhney,         1973).         For   the    potato 
industry,         uiciny   of      the      changes   in      UCA      are    due      to 
technological    factors    rather    than      changing    demand   factors. 
That    is,      as      smaller    firms    ceased    production      because    of 
constraints      prohibiting    their      adoption    of      technological 
improvements,       UCA    increased    for      the    industries   because    of 
higher   utilization    rates   of    the    remaining   firms.         Moreover, 
these   remaining  firms    probably   increased    these    rates   as    they 
produced    more       to   compensate   for      the    loss      of   production 
resulting    from    the    exit    of    smaller   firms. 

As    the   efficient    scale      of    production    (MS)       increases, 
NPP   decreases    as   theoretically    hypothesized.         The    parameter 
estimate    suggests      that   a   one      unit    increase    in      MS    (1,000 
pounds   per   hour)    leads    to  a    loss    of    1.3    plants.       To    add    seme 
perspective   to      these    numbers,         a    typical      frozen    potato 
processor   currently      produces    50,000      pounds   of      finished 
frozen    potatoes      per    hour.  This    represents      a    ten-fold 

increase    in   production      from    the    5,000    pounds      produced    in 
1960.         The   number    of    potato    processing    plants,      during    the 
1960-82   data   period,    declined    from   446    to   221.         Thus,      the 
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parameter  estimate  suggests  that  smaller  plants  (firms)   can 
become   obsolete  or   inefficient  from   small  changes   in 
production  rates. 

Parameter  estimates   for  both  GS   and  UZPL   have  signs 
which   contradict  our   economic   hypotheses.    The   two 
parameters  are  similar  in  that   GE  represents  a  three  period 
lag  of  UZP   while  UZPL  represents  a  one   period  lag.    The 
signs  on  these  parameters  raise   the  obvious  guestion  of  the 
economics  underlying  a  decline  in  the  number  cf  plants  while 
the  volume  of  processed  potatoes  continually  increases,   The 
answer  is  egually   cbvious.    From  its  inception,  the  potato 
industry  began  with  an  non-equilibrium   number  of  plants  and 
lirms.    It  appears   now  to  be  gradually   moving  tcward  an 
equilibrium  number  and   size  of  firms.    The   industry  has 
absorbed  the   increased  production   with  fewer   plants  by 
significantly  increasing  the  size  of  its  plants.    Perhaps  a 
better  variable  to  capture   the  relationship  between  plants 
and  increased  utilization  of  potatoes   would  have  been  total 
capacity  of  plants. 

As  f.otato  production  becomes  more  dispersed  (GD)  ,   NPP 
increases.    Given  the  significant  decline   in  NPP  over  the 
data  period,   the  parameter  estimate   for  GD  suggests  that 
potato  production   has  become   more  concentrated   or  less 
dispersed.    The   coefficient  reveals  that  a   one  percent 
increase  in   GD  leads   to  a   3.6  units   decline  in   NPP. 
Conceptually,   it  is  difficult  to  envision  the  magnitude  or 
volume  of  potatoes  involved  in  a   one  percent  increase  in  GD 
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since  it  represents  a  measure  of  dispersion  or  concentration 
as  captured  by   the  Kerfindal  index.    Suffice   it  to  say, 
though,  tnat  there  have  been  tremendous  shifts  in  production 
from  the   Northeast  and   Central  states   to  the   Pacific 
Northwest  region  (Figures  6.1  and  6.2) . 

Besides  Tim,   the  only  remaining   parameter  yet  to  be 
discussed   is  that   for  transportation  cost  (CT)  .     As 
explained  in  Chapter  IV,  economic  theory  provides  no  apriori 
guidance  as  to   the  expected  sign  of   this  parameter.    As 
estimated  hare,    a  one  unit  increase   in  CT  leads   to  a 
decrease  of  3.7  units  in  NPP,    This  suggests  that  rising  CT 
is  not   a  significant   factor  in   the  optimal   number  and 
location  of  plants.    Other  factors,   such  as  economies  of 
scale  in  production  and   perhaps  technological  efficiencies, 
have  undoubtedly   had  a  greater   influence  on   the  optimal 
number  of  plants  than  CT.    More  drastic  changes  in  CT  than 
those  registered  during   the  data  period  could   reverse  the 
relationship  between  NPP  and  CT. 
Q.°fiS.®Bi  19.  ti on _in_Pro cess ed_Pgtatq_Productign_  (CEP) 

The  signs  on  all  but   one  estimated  parameters  in  this 
equation   conform    with   our    economic   hypotheses. 
Additionally,   all  parameters  are  statistically  significant 
at  the  .01  level.   These  parameter  estimates,  their  standard 
errors,  and  t-ratios  are  shown  in  Table  6.1. 

From  the  standardized  parameters,   it  may  be  seen  that 
MS  has  the   greatest  impact  on  CEP,   in   terms  of  absolute 
value.   A  one  standard  deviation  change  in  minimum  efficient 
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Peaks  Depict  Relative  Production 
Production  in  Eastern  States  high  Relative  to  that  in  western  States 
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Figure  6.1.  U.S.  P  otato  Production  by  States,  1950 
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Peaks  Depict  Relative  Production 
Production  in  Eastern  States  low  Relative  to  that  in  Western  States 
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Figure  6.2.   U.S.  Potato  Production  by  States,  1980 
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plant  size  (MS)   leads  to  a   ,7  percent  change  in  CEP — all 
regressors  are   standardized   but   the   regressand   is 
nonstandardized .     Focusing   our   discussion   on   the 
nonstandardized  coefficients,   a  one   unit  increase  in  NPP 
precipitates  a  .008  percent  decrease  in  CRP.    A  one  percent 
increase  in  both  current  and   lagged  advertising  sales  ratio 
(ASR)  generates  a  2.7  percent  increase  in  CEP.    Though  the 
magnitudes  ot  the  effects  of  NPP,   ASP  and  ASFL  on  CHP  seem 
significantly  different,   when  the  units  of  measurements  are 
accounted  for,   as  reflected  in  the  standardized  parameters, 
the  effects  of  the  variables  are  virtually  indistinguishable 
(absolute  value  effects). 

One  disappointing  result  of   tiiese  estimated  parameters 
is  tne  failure  to  establish  or  confirm  the  expected  positive 
relationship  between  concentration  and  profitability.    Many 
researchers  nave  tested  this  relationship  and,   for  the  most 
part,    established  oz     fai  Jed  to   disprove  a   positive 
relationship  (Weiss   and  Siegrried,   1974).     unlike  the 
present  study,   though,   these  positive  relationships  were 
established  not  for  individual  industries  over  time,  but  for 
a   comparison  of   industries   using  cross -sectional   data 
(Gabel,  1979)  .    Positive  relationships  noted  here  may  have 
resulted  from  the  nature  of  tha  industries  studied. 

The  parameter  estimate  for  PCML   indicates  a  decline  in 
CEP  of  .4  percent  for  each  unit  increase  in  PCHL.   What  this 
parameter  estimate   suggests  is   that  high   PCML  attracted 
firms  into  the  potato  industry  during  early  phases  of  potato 
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processing,   but  these  firms  gradually  left  the  industry  as 
their  profit  margins  were   squeezed.    Eespite  squeezes  on 
industry  profit  margins,  production  of  processed  potatoes  by 
the  larger  iirms  increased  to   accompany  growing  demands  and 
the  loss  of   production  resulting  from  the   demise  of  some 
firms.   In  the  ajaregate,  these  factors  explain  the  apparent 
anomaly  in  the  inverse  relationship  between  PCflL  and  CFE. 

The  paramater  estimate   for  CT  reveals  a   .07  percent 
increase  in  CRP  for  each  unit   increase  in  CT.    This  wculJ 
suggest  tuat  transportation  cost   affects  smaller  firms  mere 
adversely  than  larger  ones.     Stated  differently,   larger 
potato  processors   absorb  CT   increases  more  readily  than 
smaller  processors.    The  one  remaining  parameter,  that  for 
cost  of  capital  (CK),   increases  CRP  by  .15  percent  for  each 
unit  increase  in  CK.    This   phenomenon  was  anticipated  as 
larger  firms  usually  have  greater   access  to  loanable  funds 
on  more  favorable   terms  than  smaller  firms.     It  may  be 
argued  that  larger  potato  processors  also  are  likely  to  have 
greater  accessibility   to  capital  on  more   favorable  terms 
relative  to  smaller  processors. 
Price  Cost  Margins  (PCS) 

Given  the  unexpected   inverse  relationship   between 
concentration   and  profits   established   in  the   previous 
equation,  it  is  therefore  natural  to  find  that  increased  CEP 
also  leads  to   decreased  ECU.    The  explanation   for  this 
relationship  is  analogous  to  that   described  in  the  previous 
equation.    It  may  be  noted  here  though  that  FCM,  defined  as 
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the  difference   between  wholesale  anl  farm   potato  prices, 
have  declined   considerably  because  of  large   reductions  in 
WPP.    To  some  extent,  changes  in  the  marketing  of  potatoes 
may  have  made  WPP  less  reflective  of  actual  wholesale  potato 
prices.    Moreover,   cnanges  in  the  relative  utilization  cf 
processed   potato  forms   could   have  generated   downward 
movements  in  wPP.    As  these  alternative  scenarios  occurred, 
concentration  in   potato  processing   continually  increased 
among  the   top  four  firms   in  all  processed   forms.    The 
results  of  these  occurrences   explain  the  estimated  inverse 
relationship. 

It  should  be   noted  that  the  relationship   betwean  PCM 
and  CEP  is  indeed  weak.    A   one  unit  increase  in  CBF  leads 
only  to  a   .09  unit  decrease  in  PCM.     Similarly,   a  one 
percent  increase  in  UCA  causes  a   .02  decrease  in  PCM.    A 
positive  and   stronger  relationship  exists   between  current 
and  lagged  profits.   A  one  unit  increase  in  PCML  generates  a 
,5  unit  increase  in  PCM.    Statistically,   though,   all  of 
these  relationships  are  significant,   with  PCM  and  UCA  being 
the  least  significant.     An  increase  in  UCA   generates  a 
decrease  in  PCM  because,   as  explained  in  the  NPP  eguaticn, 
much  of  the  increase  in  OCA  is  not  demand  or  profit  related. 
It  arises  from  tecnnological   constraints  imposed  on  smaller 
and  perhaps  less  elricient  potato  processors. 
Advertising  Sales  p.  atio  ( AS_L) 

Many   industrial   organization  or   market   structure 
studies  have  confirmed  a   positive  relationship   between 
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advertising  and  concentration  (Sutton,  1974;   Cable,   1973; 
Mann  et  al,  1967).    Similar  studies  have  also  established  a 
positive  relationship  between   advertising  and  profitability 
(Comanor  and  Wilson,  1967;  Williaason,  1963)  .   Both  of  these 
relationships  are   estimated  in  the  present   equation.    A 
positive  relationship  is  established  for  the  former   but  a 
negative  one  tor  the  latter 

An  expected  positive  relationship   between  ASE  and  CBP 
stems   from  the   hypothesis  that   firms  in   concentrated 
industries  are  more  likely  tc  use  advertising  than  prices  to 
influence  sales  (Hay  and  Forris,  1979).   Ihese  authors  argue 
tnat   price  changes  by  one  firm  can  be  matched   by  other 
firms  more  readily  than   changes  in  advertising  expenditures 
because  of  the  time  reguirec   to  plan  effective  advertising 
campaigns.    For  the  potato  industry,  it  is  estimated  that  a 
one  unit  increase  in  CSP  generates  a  very  small  .00005  unit 
increase  in  ASS.    In  advertising  dollars,  .00005  translates 
into  approximately  $1,500. 

Rhile  the  estimated  sign  ot   the  parameters  foe  CEP  is 
as  anticipated,   that   for   PCK1   defies  our   economic 
Hypotheses.   As  explained  in  the  concentration  equation,  PCM 
have  declined  considerably  for   the  potato  industry  despite 
significant   increases   in  other   structural   variables, 
including  advertising.    The  estimated  parameter  suggests  a 
.00045  unit  decrease  in  ASK  for   each  unit  increase  in  PCML. 
This   suggests   that  potato   processors   increase   their 
advertising  in  response  tc  factors   other  than  profit  rates. 


148 
advertising  expenditures  may  he  in  response  to  total  profits 
or  total  sales. 

Ihe  estimated  parameters  for  the  two  potato  utilization 
variables,    UZF   and  UZP,    conform   to   nypcthesized 
relationships.    As  more  potatoes  are  marketed  as  fresh,  ASP 
declines,   reflecting   the  Jower  advertising   intensity  of 
fresh  potatoes.    On  the  other  hand,  increased  marketing  of 
potatoes  as  processed   leads  to  an  increase   in  ASR.    The 
estimated  parameter  shows   that  a  one  unit   increase  in  UZP 
generates  a  .00003  unit  increase  in  ASR.   Statistically,  the 
parameter  estimates  for  UZP  is   significant  at  the  .01  level 
while  that  for  UZF  is  not  significant  even  at  the  ■ 10  level. 
In  summary,   potato  processors  can  be  predicted  to  increase 
their  advertising  in   response  to  rising  UZP   with  greater 
certainty  than  they  can  be  predicted  to  reduce  advertsing  in 
response  to  rising  UZF. 

Ihe  two  remaining  variables  of   this  eguation,   GR  and 
GD,  are  both  signed  as  Hypothesized.    As  pctatc  processors 
anticipate  growth  or  the  industry,   advertising  increases, 
but  at  a  relatively  insignificant  rate.    As  the  dispersion 
of  raw  potato  production   increases,   precipitating  perhaps 
more  plants  and  firms  within  the  industry,   the  sign  of  the 
parameter    suggests    that    advertising    declines. 
Statistically,    however,   tais   parameter  estimate   is 
nonsignificant.   And  while  an  economic  interpretation  of  the 
intercept  term  is  not  always  meaningful,  suffice  it  to  say 
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here  that  tha  impact  of   all  relevant  omitted  variables  from 
this  equation  lead  to  a  mean  value  in  ASH  of  .0096. 
Chanc[e_in_Ca P_acity_  (CCA) 

During  the  1960-81   data  period  of  this   study,   th^= 
processed  potato  industry  has  continually  expanded  its  total 
capacity,   but  the  annual  percentage  change  in  capacity  has 
declined  as  a  result  of   growing  industry  maturity.    Also, 
growtn  of  tue  industry  has   led  to  significant  increases  in 
the  base  usei  for   calculating  percentage  changes.    Hence, 
the  larger  base  will  generally   lower  the  percentage  during 
normal  growing  periods,   That  is,  as  total  capacity  rises,  a 
constant  numerical  change   in  total  capacity  results   in  a 
diminishing  percentage  change  in  annual  capacity.    Despite 
these  measurement   limitations  in  the   regressand  variable, 
all   but  one   of  the   estimated   parameters  have   signs 
conforming   with  economic   theory.    Additionally,    all 
parameters  are  statistically  significant  at  the  ,05  level. 

The  rsi  estimate  reveals  that  a   1  unit  increase  in  NPP 
causes  a  .0002  percent  increase   in  CCA.    This  relatively 
small  increase  suggests  that   potato  processing  plants  have 
increased   considerably   in  size   relative   to   number, 
Onexpectedly,   the     estiaate  for   OCA  reveals  an  inverse 
relationship  between  UCA  and  CCA.   A  one  percent  increase  in 
UCA  cause  a    .1712  decrease   ir.  CCA.    This  estimated  result 
stems  partly  from  measurement  of  the  regressand  variable  and 
from  increases   in  UCA  as   smaller  firms  and   plants  cease 
production.   In  other  words,  increases  in  UCA  for  the  potato 
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industry  are  not  necessarily   reflective  of  expanding  demand 
conditions.    Cessation  of  production  by  smaller  firms  with 
low  utilization  capacities  engenders  increases  in  UCA. 

In  conformity  with  the  theoretical  arguments,  n5z  shows 
tnat  a   1  unit   increase  in  PCKL   causes  a   .008  percent 
increase  in  CCA.    Potato  processors,   in  other  words,   do 
respond  to  the  profitability  of   the  industry  when  expanding 
or  contracting  capacity.    aising  capital  cost,  as  expected, 
has  a  negative   effect  on  capacity  changes.     A  one  unit 
increase  in  CK  causes  a  .003  percent  decline  in  CCA.    These 
capital  constraints   are  undoubtedly   more  prohibitive   to 
smaller  than  larger  firms,    Interpreting  the  intercept,  it 
is  observed   that  the   mean  value   of  CCA   resulting  from 
omitted  relevant   economic  variables   is  .089,     Stated 
differently,  when  all  the  regressors  have  zero  values,   CCA 
has  a  value  of  ,089. 
Utilization  of  Capacity  (UCA) 

As  explained  in  the  discussions  of  previous  equations, 
OCA  for  the  potato  industry  has   increased  as  a  result  of  a 
growing  demand  for  processed  potatoes  and  a  declining  number 
of  smaller  plants  with  low  capacity  utilizations.   This  last 
mentioned  condition  is  believed  to   have  contributed  to  the 
unexpected  negative  signs  for  the   parameter  of  UCA  in  three 
previously  discussed  equations.     Though   UCA  is   the 
regressand  in  the  present  equation,  it  may  be  noted  that  all 
its  regressors   have  the  anticipated  signs,    although  one 
parameter  estimate,  Il6z  /  is  statistically  nonsignificant. 
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F rota  tha  parameter  estimates  for   equation  6.6  shown  in 
Table  6.1,   it  can   be  seen  that  a  1  unit   increase  in  NPP 
causes  a  .0003  percent  decline  in  UCA.    On  the  surface,  the 
small  magnitude  of   this  parameter  estimate  would   tend  to 
suggest  that  new  plants  have  not  come  on  stream  in  excess  of 
the  growth  in  demand  for   processed  potatoes.    In  light  of 
the  continual  decline   in  NPP  over  the   data  period,   this 
parameter  estimate  really  says   that  potato  processors  have 
abandoned  plants  at   a  rate  which  has   minimally  increased 
OCA.    Irrespective  of  which  interpretation  is  applied,  both 
being  tneoretically  correct,  the  predicted  occurrence  can  be 
stated  with   considerable  confidence   since  the   parameter 
estimate  is  signxiicant  even  at  the  . 01  level. 

A  1   percent  change  in   CCA  generates  a   .008  percent 
decline  in  UCA.    This  inverse  relationship  was  anticipated 
as  potato  processors,   when  expanding  capacity,   expand  to 
accommodate  not  only  current   demands  but  anticipated  growth 
iu  demands.     This  temporarily  lowers  UCA   as  production 
adjusts  to   prevailing  demand.    During  the   1960-82  data 
period  of  this   study,   the  processed  potato   industry  has 
expanded   considerably   both   total   capacity   and   the 
utilization  of   this  capacity.     Just  these   facts  alone 
suggest  tremendous   increases  in  consumption   of  processed 
potatoes. 

The  T6y  parameter  reveals  that  a   10  pound  increase  in 
per  capita   consumption  of  processed  potatoes   generates  a 
.007  percent   increase  in  UCA.     The  likelihood   of  this 
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occurrence  cannot  be  stated   with  considerable  confidence  as 
the  parameter   is  significant   only  at   the  .025   level. 
Changes  in  consumers'  demand,   however,   do  appear  to  be  a 
barometer  guiding  potato  processors'  production  decisions. 

Unlike   consumers'   demand,   the   profitability   of 
processed   potatoes  play  a   less   significant  role   in 
processors'  production  decisions.    Although  an  increase  in 
PCML  generates  a  positive   response  in  UCA,   statistically 
this  response  is  nonsignificant.   In  other  words,  changes  in 
PC  XL  have   not  been  a   significant  factor   influencing  the 
production  of  processed  potatoes.   The  n6o  parameter  of  this 
eguation  may  be   interpreted  as  the  mean  value   of  UCA  when 
all  the  regressors  are  zero.    Its  value  of  .589  may  also  be 
interpreted  as  the  impact  of  the  omitted  relevant  variables. 
Significance  of  Structural  Results 

Hany  of  the  estimated   structural  relationships  for  the 
processed  potato   industry  are   direct  opposites   of  those 
established  for  other  industries.    An  important  difference 
in  thess;  and  other  estimates  is   the  nature  of  the  data  from 
which  they  are  established.     Most  structural  studies  are 
single-equation  models   with  data  from  a   cross-section  of 
industries.     Tue  present   model  is   both  dynamic   and 
simultaneous  with   time-series  data  on  a   single  industry. 
Thus,   a  single  industry  within   a  group  of  industries  may 
differ   significantly  from   the  aggregate   of  the   group. 
Moreover,   the  simultaneous- equation   specification  of  the 
present  model  could   have  corrected  for  much   of  the  model 
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misspecif icatioa   oi  the   single-egua  tion  models   (Gabel, 
1979)  . 

Assuming  correct   model  specification   and  estimation, 
what  general   hypotheses  describing   the  structure   of  the 
potato   industry  are   embedded  in   the   results  of   the 
previously  discussed   equations?     .suits   of  the   first 
equation  suggest  that  potato  processors,  in  the  early  phases 
of  development  of  the  processed   potato  industry,   were  cot 
guided  by  rational,   economic  factors.    The  industry  over- 
expanded  in  terms  of  the  number  of  plants  (NPP)   and,   over 
time,   reduced  NPP  despite  growth   in  demand  for  processed 
potatoes.    Also,   revealed  from  the   results  of  the  first 
equation  is  the  delayed  response  of  potato   processors  in 
adjusting  their  plants  to  clanging  prctit  conditions.    This 
suggests  that  potato  processing  plants   are  fairly  capital- 
intensive  with  high  fixed  costs. 

Another   discernible  hypothesis   from  the   estimated 
structural  equations   is  the  relative   unresponsiveness  of 
potato  processors  to  profit   margins.    It  is  conceivable, 
though,   tuat  the  margins  as  defined  really  are  a  distortion 
or  those   received  by  processors.     Cn  the   other  hand, 
processors  may   be  more  inclined   to  view  total   sales  and 
profits  as  more  relevant  factors  than  margins.   To  this  end, 
the  results  support  the  hypothesis   that  advertising  is  used 
as  a  means  to  increase  sales  and  profits. 

The  estimated   results   also  show   that   the   well- 
established  positive   relationships  between   concentration- 


154 

profitability   and   advertising-profitability    do   not 
characterize  the  potato  industry.     Poth  concentration  and 
advertising  in  the  processed   potato  industry  have  increased 
considerably   while  profit-margins  have  fallen.     These 
atypical  relationships   may  be  partly   a  function   of  the 
product  nature.    Most  processed   potatoes  are  available  in 
generic  and  supermarket  brands.    These  alternative  products 
may  serve  to  constrain  price   differentials  even  in  a  highly 
concentrated  market  with  extensive  advertising  expenditures. 
Other  industries,   representing   more  typical  relationships 
among  these  variables,  may  be  less  restrained  by  alternative 
product  forms. 

Despite  the   discussed  atypical   relationships,   the 
processed   potato  industry   has   gravitated  toward   those 
factors   generally   characteristic  of   more   progressive 
industries:    concentration   among  the  largest   firms  Las 
increased;   advertising  expenditures   together  with  product 
differentiation  emphases  have  risen;   and  smaller  firms  have 
ceased  production  because  of  technological  ccnstraints.   The 
divergent  trend   exemplified  by  profit  margins   probably  is 
due  to  inherent  characteristics  of   the  industry  rather  than 
a   departure  i row   profit  maximizing   behavior  by   potato 
processors.   Additionally,  it  may  be  that  firms  are  pursuing 
increased   market  shares  and   growth   as  their   primary 
objectives. 

Market  Fgui  librium  Results 

Althougu   results  from   the   structural  and   market 
equilibrium  sectors   are  discussed  separately,    there  are 
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obvious  linkages   between  the   sectors  as   both  sets   of 
variables  are  interspersed  among   equations  of  each  sector. 
Among  the   market  equilibrium  equations,   the   two  demand 
equations  generate   considerable  interest.     Fresh  potato 
producers,  ia  planning  production,   are  interested  in  demand 
trends  because   many  potatoes   are  not  interchangeable  in 
marketing.    Thus,   a  movement  away   from  fresh  and  toward 
processed  potatoes   could  adversely   affect  fresh   potato 
producers   anticipating   increased   demand   for   fresh. 
Additionally,   the  tiemand  for   processed  potatoes  together 
with   the  determinants   of  this   demand   is  of   crucial 
importance  to   processors  in   planning  production.     The 
discussion  which   icilows  will   therefore  highlight   these 
demand  equations  results. 
Production  qfFresh  Potatoes  (£HP) 

Unlike  the   preceding  structural  equations   which  are 
estimated  with   principal  components,    this  equation   is 
estimated  as  a  direct  function   of  those  variables  suggested 
relevant  from  economic  tneory.   Nc  serious  oulticcllineari ty 
exists  among  the  variables.     All  the  estimated  parameters 
are  signed  as  anticipated  and   the  two  price  parameters  are 
hi  jhly  significant.    Kisk  (KS)    and  technological  change 
(TR)  ,  as  measured  by  the  trend  variable,   ace  statistically 
nonsignificant. 

The  estimated   results  shown  in  Table   6.2  illustrate 
that  lagged   prices  of  both   potatoes  and   an  alternative 
product  (sugar  ceets)   are   significant  determinants   of 
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current  production.    An  increase  in  potato  prices  of  $1  per 
hundred  weight   generates  a  twenty  one  pound   per  capita 
increase  in  potato  production  in   the  next  season.    These 
parameters  translate  into   a  price  elasticity  of   supply  of 
.31..    Specifically,   a  one  percent  increase  in  the  lagged 
price  engenders   a  .3  percent   increase  in   supply.    By 
contrast,  a  one  percent  increase  in  the  price  of  sugar  beets 
causes  a   .1  percent  decline   in  potato   production;   the 
derived  elasticity  is  -.0987,     These  inelastic   supply 
responses  suggest  that  potatoes   are  produced  on  specialized 
farms  with  sugar  beets  being   an  imperfect  crop  substitute. 
Beilock  (1981)  and  Estes  (1979)  reached  similar  conclusions. 

The  statistical  nonsignificance  of   the  parameters  for 
risk  and  teciiuoloy  ical  change  indicates  that,   while  potato 
producers   may  be   cognizant  of   these  factors,    their 
production  levels  are  not  responsive   to  them.    If  potato 
farms  are  highly  specialized  as   suggested  jy  the  elasticity 
estimates,   then  producers  may  be   less  responsive  to  price 
risk  because  of  limited  alternatives.    Additionally,  while 
available  technology   may  expand  yields  per   acre,   demand 
constraints  may  serve  to   restrain  its  adoption,    Finally, 
the  IT7 u  parameter   of  this   eguation  has   only  a   limited 
economic  interpretation. 
Utilization  of  Fresh  Potatoes  (UZF) 

Changing  consumption  of  fresh   potatoes  is  a  phenomenon 
that  has  been  the  subject   of  many  research  studies.    For 
almost  a  century  now,  per  capita  consumption  of  fresh 
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Table   6.2 — Parameters  and  Statistics    for    Market 
Equilibrium   Equations 

QBP  Equation    6.7 

VARIABLE  NSTAD-B  STAD-B  STAD-EBS  T-RATIO 


INTBC 

(n70) 

-634.21 

BS 

(n7/io) 

-.  13 

TB 

(n79) 

.30 

PS 

(n76) 

-20.70 

FPRL 

(n77) 

21.22 

49  1.  17 

-1.29 

.17 

-.79 

.24 

1.23 

7.42 

-2.78 

2.74 

7.73 

OZF  Equation    6.8 


INTBC 

(n80) 

62.76 

- 

BPF 

(rs>  i o) 

-.35 

-.32 

BPP 

(r8fn) 

1.92 

3.01 

BPT 

(T  s, \k) 

-.55 

-.34 

GC 

(n8f  n) 

-29.57 

-1.22 

TF 

(n8,  i2) 

-.0002 

-1.33 

FF 

(Hj,n) 

-17.  4022 

-1.58 

PH 

(n8,iJ 

-.  111 

-1.63 

IN 

(n8/is) 

-.0052 

-2.09 

HN 

(n8#  is) 

-41,43 

-1.38 

azp 

Equation    6 

INTBC 

(ir90) 

59.94 

- 

ASB 

(r9j 

1308.08 

3.00 

BPF 

(To,,  10) 

-.20 

-.18 

BPP 

(r9,u) 

-2.35 

-3.68 

BPT 

u9,  14) 

-.81 

-.51 

GC 

(n9,u) 

18.58 

.76 

TF 

(n9/ 12) 

.0001 

.94 

FF 

(r9,is) 

13.97 

1.27 

PN 

(n9,  iu) 

.09 

1.36 

IN 

(n9/i5) 

.0056 

2.  22 

UN 

(n9,i6) 

26.97 

.90 

ASBL 

(n9/  2  0) 

1159.69 

2.  79 

.59 

105.48 

.32 

-1.02 

.51 

5.87 

.33 

-1.04 

.13 

-9.26 

.  11 

-11.17 

.07 

-22.37 

.06 

-24.63 

.15 

-13.58 

.  10 

-12.98 

24 

48.31 

39 

7.66 

70 

-.26 

58 

-6.26 

50 

-1.02 

26 

2.87 

23 

4.02 

16 

7.50 

15 

8.95 

16 

13,28 

24 

3.68 

34 

8.01 

BPP  Equation    6. 1 1 


INTB  (En,o)  -320.25  -  171 

BPP  (Tn, 12)  1.72 

TB  (nn, 9)  .  16 

FPB  Equation    6,  13 


95 

-1.86 

41 

4.  18 

08 

1.88 

INTBC    (n13,0)  7.019 

WBP         (T13,7)  -.018 

QBPI     (Hi3,i9)  -.013 


.256 

5.58B 

.008 

-2.203 

.005 

-2. 454 
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Table   6.2 — Continued 

SPS                                                       Eqi 

lation    6. 

15 

7AEIABL2 

NSTAD-B 

STAD-B 

STAD-ERH 

"    T-SATIO 

INTEC   (nis,o) 
MC            (IIis,  a) 

5.29 
.35 

- 

.37 

.22 

14.09 
1.57 

Note  that  each  dependent  variable  and  equation  number 
correspond  to  those  in  Tables  4.1  and  6.3. 
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potatoes  aa.s    been  declining.    The  first  few  decades  of  this 
decline  were  long  before  the  present  revolution  in  processed 
potato  products.    Researchers  have  offered  explanations  of 
this  decline  which   range  from  the  growing   uroanization  of 
the  U.S.   population  to  a  increasing  demand  for  convenience 
foods  as  represented,   for   example,   by  processed  potato 
products  (Scott  and  aumford,   1949;   Estes,   1979).    The 
current  study,   while  addressing   many  of  these  previously 
addressed   factors,    integrates  structural   and   market 
equilibriaa  changes   in  the  potato  industry   and  discovers 
findings  which   contrast  with  those  of    previous  studies. 
These  contrasts  are   quite  evident  in  the   results  of  this 
demand  equation. 

When  all  the   changes  occurring  in  the   U.S.   potato 
industry   are  analyzed   in   a   simultaneous  and   dynamic 
framework,   as   is  done  here,    results  snow   that  those 
exogenous  factors  influencing  the   demand  for  fresh  potatoes 
all  have  negative  impacts.    In  contrast,  these  same  factors 
have  positive  impacts  on  the   demand  for  processed  potatoes. 
These  findings  are  significant  because  previous  studies  have 
lound  a   positive  relationship   between  demand   for  fresh 
potatoes  and  income.   Additionally,  other  studies  have  found 
the  retail   price  of   fresh  potatoes   (BPF)   to   have  a 
significant  anU   adverse  impact  on  fresh  demand  (Beilcck, 
1981;   Estes,   1979).    While   a  negative  coefficient  is 
estimated  in   the  present  equation,   it   is  statistically 
nonsignificant. 
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As  saowa  in  Tables  6.2  and  6.3,  an  increase  of  one  unit 
in  3PP  causes  a  1.9  unit   increase  in  DZF .    This  yields  a 
demand  elasticity  of  .34.     Specifically,   a  one  percent 
increase  in  R?P   generates  a  .34  percent  increase  in  UZF. 
This  response  in  demand,   relative  to  r8,io  /   suggests  that 
processed   potatoes  are  far  superior   to  fresh   potatoes  in 
consumers'  diets.     Additionally,   it  seems   prudent  to 
conclude  that  UZF   is  somewhat  unresponsive  to   BPF  because 
fresh  potatoes  are   a  small  proportion  of   consumers'  food 
expenditures.    The  derived  elasticity  of  -.045  1,   although 
derived  from  an  nonsignificant  parameter,  reveals  that  a  one 
percent  increase  in   RPF  causes  a  .04   percent  decrease  in 
DZF. 

The  r8,m  estimate  for  RPT  is  not   only  statistically 
nonsignificant  but  also  negatively  signed.    Shat  appears  to 
be  suggested  by  this  parameter   estimate  is  that  either  the 
duration  of  this  tax  is  yet   too  short  to  have  a  significant 
impact  on  fresh   potato  consumption  or  other   factors  have 
tended  to  negate  its  impact.    An  increasing  number  of  women 
in  the  labor  force  coupled  with  rising  incomes,  for  example, 
could  have  offset   the  expected  positive  effects  from  the 
tax.    Additionally,   advertising  expenditures  on  potatoes 
relative  to  expenditures  from  the   tax  are  so  dominant  that 
the  effects   of  this   tax  are   likely  captured   in  these 
expenditures.    Although  advertising   expenditures  are  not 
represented  in  this  eguation   directly,   their  impacts  are 
transmitted  through  the   UZP  eguation  as  the   two  equations 
are  mirror  images  of  each  other. 
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The  n8,ii  parameter  estimate  for  GC   was  expected  to  be 
positive  because  of  observed  habit  persistence  of  consumers, 
The  observed  estimate  is  negative  and  significant   even  at 
the  .01  level.     What  may  be  reflected   in  this  parameter 
estimate  is  the  fact  that  consumers,  although  somewhat  habit 
persistent,   are   capable  of  altering   their  habits   as  a 
product  becomes   less  and   less  preferred.     Indeed  this 
attribute  of  consumers  is  also  confirmed  by   the  parameter 
estimates   for  TF   (n8/i2  )•     As  away-f roa-hoae   food 
consumption  increases,   consumers  are  expressing  a  declining 
preference  for   fresh  potatoes  as   a  proportion   of  total 
consumption. 

While  the  parameter  estimate  for  fast  food  (FF)  ,  n8,i3  r 
has  the  anticipated  sign  and  is  highly  significant,   this  is 
due  in  part  to  the  trend  of  UZF  being  negatively  impacted  by 
all  exogenous  variables.    As  estimated  here,  a  one  percent 
increase  in  FF  causes  a  . 17  unit  decrease  in  UZF.    From  an 
elasticity  viewpoint,   a  one  percent  increase  in  FF  causes  a 
.07  percent  decline  in  UZF   (Table  C.5).    More  significant 
impacts   result  from   changes  in   population  and   income. 
Translating    tne  n8,ii*    and  n8,i5    estimates    into 
elasticities,   it  is  revealed  that  a  one  percent  increase  in 
PN  causes   a  .36   decline  in  UZF   whereas  a   one  percent 
increase  in  IN  generates  a  .24  percent  decline  in  UZF.    It 
should   be  noted   that   both   of  these   variables   were 
aypothesized  to   nave  positive  impacts  on   UZF.    However, 
revealed  estimates  suggest  that   population  and  income  have 
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accalerated  demand  for  processed  potatoes  at  the  expense  of 
fresh  potatoes. 

A  glance  at  Table  6,2   shows  a  negative  and  significant 
parameter  estimate   for  WN,    Embedded  in   this  parameter 
estimate  is  an  elasticity  of  -.24.    That  is,  a  one  percent 
increase  in  NN  leads  to  a  .24  percent  decline  in  UZF.    This 
elasticity  estimate   is  quite   inelastic  when   compared  to 
those  obtained  in   recent  studies  of  the   potato  industry. 
The  elasticity  derived   here  though  may  net   be  comparable 
with  those  cf  previous  studies  as  these  studies  have  allowed 
WN   to  encompass   several  variables   which  are  estimated 
separately  in  this  study.    In  Estes'  (1979)   study,   for 
example,  his  elasticity  estimate  for  WN  is  really  comparable 
in  this  study  to  the  sum  of  the  elasticities  for  WN,  GC,  TF, 
FF  and  PH.    The  sum  of   these  elasticities  in  the  present 
study  is  1.0«37   whereas  Estes1  (1979)   estimate   is  1.056. 
These  two   estimates  are  quite  similar,    but  there   is 
considerable  difference   in  the  income  elasticities   of  .11 
reported  by  Estes  (1979)  and  -.24  derived  here. 

To  recapitulate,    the  demand  for  fresh   potatoes  at 
present  is  impacted  positively  only   by  increases   in  the 
price  of  processed   potatoes.    Increases  in  the   price  of 
fresh  potatoes  and  rising  t- .x   expenditures  tend  to  have  no 
measurable  impact  on  demand.   Increases  in  all  the  exogenous 
variables  have   adverse  and  significant  impacts   on  demand. 
These  effects  are  most  pronounced   for  population  and  retail 
produce  sales. 
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Utilization  of  Processed  Potatoes  ( OZP) 

The  current  structure  and  growth  of  the  potato  industry 
are  probanly   linked  more   to  the   demand  for   processed 
potatoes   than  any   other  factor.     Factors  that   have 
precipitated  change  in   this  demand  are  estimated   in  this 
equation.    From  Table  6.2,  it  can  be  seen  that  all  but  two 
estimated  parameters  not  only  have  the  anticipated  signs  but 
are  statistically  significant.    Those  parameters  with  signs 
opposite   of  those   hypothesized   also  are   statistically 
nonsignificant. 

A   significant  factor   influencing   the  demand   for 
processed  potatoes  is  advertising,   both  current  and  lagged. 
The  rgi,  parameter  reveals  that  a   one  percent  increase  in  ASS 
generates  a  13  unit  increase  in   UZP.    In  addition  to  this 
immediate   effect  of   advertising,   lagged   advertising, 
expressed  by  IT9 , 2  o   ,   generates   a  corresponding   11  unit 
increase  in   UZP  for  each   one  percent,  increase   in  ASRL. 
Expressed  as  an  elasticity,   a  one  percent  increase  in  ASEL 
causes  a  .18  percent  increase   in  UZP.    The  corresponding 
elasticity  for   ASE  is   .21.    The   combined  effects   of 
advertising  are   therefore  significant   in  enhancing   the 
demand  for  processed  potatoes. 

The  r9,io   parameter  of  -.20  has  a  sign  opposite  of  that 
anticipated.    Its  statistical   nonsignif icance ,   however, 
suggests  that   the  demand  for   processed  potatoes   is  not 
influenced  by  the  retail  price  of  fresh  potatoes.    Changes 
in  the  retail  price  of.    processad  potatoes,  however,   do  have 
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an  adverse  and  significant  influence   on  UZP.    The  derived 
elasticity  from  Fg ,  1 1   shows  that  a   one  percent  increase  in 
RPP  leads  to  a  ,44  percent   decline  in  UZP.    Reflected  in 
these  price  parameters   is  the  fact  that  consumers  do  not 
switch   forms  of   potato  consumption   as  prices   change. 
Rather,   price  changes  in  potatoes  precipitate  a  switch  from 
potatoes  to  other  products. 

As  in  the   demand  for  fresh  potatoes   eguation,   the 
parameter  estimate  for  RPT,  r9,  ^     ,   has  a  sign  opposite  of 
that  aypotaesized;   it  is  also  statistically  nonsignificant. 
Given  the  relatively  insignificant  ratio  of  tax  expenditures 
to  advertising  expenditures,   it  is  probably  safe  to  surmise 
that  the  effects  of  these   tax  expenditures  are  captured  in 
the  advertising  parameters.    The   recent  enactment  of  the 
tax,   1971,   may  also  be  a  factor  influencing  its  estimated 
parameters. 

The  H9 ,11   parameter   for  GC   was  Hypothesized   to  be 
positive  provided   there  existed  complementarity   in  demand 
for   fresh  and   processed   potatoes.    Estimated   price 
parameters  seem  to  confirm  complementarity.    Therefore  the 
estimated  parameter   may  be   said  to   conform  to   apriori 
assumptions.    As  shown  in  Tabic  6.2,   and  as  may  have  been 
expected,  n9#ii    is   less  significant  than   the  parameter 
estimates  for  the  remaining  exogenous  variables.    Deriving 
an  elasticity  estimate  from  the  18.59  parameter  estimate,  it 
is  revealed  that  a  one  percent   increase  in  GC   causes  a  .  21 
percent  increase  in  UZP. 
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Changes      in      away-f rom- home   food      consumption      were 
hypothesized    to      have    positive   and   significant      impacts   on 
UZ?.  As   shown      in   Table    6.2,       both      n9,i2      and    ITg ,13     are 

positive      and    indeed      significant  statistically.  Their 

impaccs,    from    an    elasticity   concept,      are    smaller    than    that 
of    the   other   exogenous    variables.,      One   percent   changes    in   TF 
and      FF      cause   .07      and      .06      percent  changes      in      UZP 
respectively.         By   contrast,       a    one      percent    change    in   PN 
generates   a      .32    percent   change      in    DZP.         It      should   be 
emphasized,    though,       that    FF    has    been   changing    more    than    ten 
times    the  rate    of    PN;       and      TF    has   been   changing    more    than 
four    times   the    rate   of    PN.       Cn   balance,    then,    away-f rom-home 
food   consumption      is   significant    in    influencing      the   demand 
for   processed    potatoes. 

As    alluded    to    above,      the     n9,i4     parameter  estimate    for 
PN    suggests   that      this    variable    has   a      tremendous    impact    on 
UZP.         What      is   really    reflected      here   is   the      fact    that 
sizeable    increases    in    the   U.S.       population    would   enhance   UZP 
considerably.         At    present,       the    relatively   constant   growth 
rate    ot    less    than   one    percent      per    year    results    in    a   meager 
impact    on    UZP    in    comparison    to,       say,      TF   and    FF.         While 
changes    in      a way-f rom-home    food      sales   have      greatly    out- 
distanced   that    of    population,       changes    in    income    and    women- 
in-the    lauor   for-e    are      comparable.         Deriviug    elasticities 
from     n9,i5    and   n9,i6      ,         it    is   revealed    that      one    percent 
changes    in    IN    and    WN      generate    corresponding    changes    in    UZP 
of    .27    and    .17    respectively.         Vith      WN   changing    at    only   a 
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slightly   hijhar   rate    than    PN,      then    it   seems    safe    to   surmise 
that    PN    has   a    graater   impact    than   HN    on    UZP.         Since    IN   has 
changed   by      1.5    tines      the   rate      of    PN,         comparison   of 
elasticities    would    suggest   that   IN      has   a   greater   impact   on 
DZP. 

In    summary,       P.PP    seems    to   greatly   impact   OZP,      but    RPF 
has   essentially      no   effect.  Both    current      and   lagged 

advertising   greatly      influence    UZP.  Away-f rom-horae   food 

consumption,       reflected    in   TF   and      FF,       appear    to    be    major 
stimulants   of    demand   for    processed    potatoes.         The    remaining 
exogenous   variables  also    have   notaole    impacts   on    DZP,       that 
of   IN    being   perhaps   most      notable.         Lastly,      providing    an 
economic    intarpra  ta  tion   for    IT90,      it    may    be   argued   that    all 
the    relevant      variables    ondtted      from    this      eguation    would 
provide   a    mean   consumption   level      of    59.9    units    of    processed 
potatoes. 
Reta  il_Price_of  _?resh_Potatoes_  (RPF) 

In   Chapter   IV    it    was   hypothesized   that    RPF   would    differ 
from    the    farm    price     (FPR)    by    the    cost    of    marketing   potatoes. 
Because   data      on    the   marketing      cost    of    potatoes      were    not 
accessible,      an      index   of      the    marketing      cost   of      fresh 
vegetables    (HC)    was   used    as    a    proxy.         Using    the    difference 
of    the       two   prices    (5PF   -      FPE)       or    SPF.    as      the   dependent 
variable,      this   eguation   is    estimated      as  a    function    of   AC. 
The   results   are    saown    in   Table    6.2,    eguation    6.15. 

The    estimated    ni5f8      parameter    has      tha    anticipated    sign 
but    it    is   statistically    nonsignificant.         This   suggests    that 
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EC    is   either   a    poor    proxy   for   the   marketing    cost    of    potatoes 

or    many    other    variables,       separately      or    together    wi  th    FPR, 

2 

account  for  the  variation  in  RPF.    The  I?   statistics  of  .11 

(2SL3)       means  that  only  eleven   percent  of  the  variation  in 
the  dependent  variable  is  explained  by  HC  (Table  C.U).   This 
statistic  together  with  the  nonsignif icance  of  the  parameter 
estimate  is   difficult  to   explain,   particularly   since 
potatoes  are   the  largest  proportion  of   fresh  vegetables. 
The  ni5,o  parameter   suggests  zhat  variables   omitted  from 
this  equation  results  in  a  mean  price  of  5,29  units. 
Retail  Price  of  Processed  Potatoes  (PPP) 

Unlike   the  preceding   equation   which  yielded   poor 
results,   parameter  estimates  in  the  present  equations  have 
the  anticipated  signs  and  are  statistically  significant.   As 
seen  in  Table  6.2,  equation  6.11,   a  one  unit  change  in  WPP 
results  in  a  1.7  unit  change  in  RPP.   This  suggests  that  all 
price  changes  at  the  wholesale   level,   plus  an  element  of 
profit,   are  passed   on  to  consumers  at   the  retail  level. 
Additionally,   the  Iln/g   parameter  for  TH  reveals  a  widening 
of  price  changes  at  the   wholesale  and  retail  levels.    In 
other  words,   each  unit  price  change  at  the  wholesale  level 
is  reflected   over  time  as  a   larger  price  change   at  the 
retail  level.    Tne  magnitude  and  sign  of  H11;0  do  not  have  a 
clear  economic  interpretation.    Granting  an  interpretation 
analogous  to  taose  in  preceding  equations,   it  is  noted  that 
those  relevant  but  omitted  variables  result  in  an  average 
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price  of  processed  potatoes  of   -320.25  per  hundredweight  of 
potatoes. 
Farm  Price  of  Fresh  Potatoes  (FP S) 

The  farm  price  of  potatoes   was  hypothesized  in  Chapter 
IV  to   be  a   function  of  production   in  the   current  and 
previous  periods.    From  Table  6.2  it  can  be  seen  that  both 
QBP  and   QRPL  do  have  the   anticipated  effects  on   FPS  and 
these  effects   are  statistically   significant  at   the  .05 
level.    Changes  in   QfiP  impact  FPS  to   a  slightly  greater 
extent  than  changes  in  QBPL .    Together,  however,  these  two 

variables  sxplain  only  22  percent   of  the  total  variation  in 

2 
FPF.  (2SLS).    Thus,   the  W     statistic  indicates  that  other 

factors  account  for  much  of  the   variation  in  F?R.    On  the 

other  hand,   and  as  explained   in  Chapter  TV,   changes  in 

potato  production  generally  cause   greater  changes  in  prices 

because  of  the  low  elasticity  of   demand  for  potatoes  at  the 

farm  level.    Lastly,   the  TTi  3 ,  o  parameter  reveals  that  the 

omitted  variables  from   this  equation  result  in   an  average 

FPR  of  7.019. 

Si^nif  icance_qf  _Market_Eg_uilibrium_F.esults 

Several   important   factors  are   revealed    in    the   empirical 

results   of    the    market      equilibrium  equations.         Noticeable 

results      from    the       production    equation      are   the      limited 

responses   of    production    to   risk    and    technology.       These   facts 

result    partially  because    potato      production    occurs   on   farms 

which    are      large   and   specialized.         Moreover,         size   and 

specialization    together    with      limited   cropping    alternatives 
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tend  to  constrain  the  response   cf  production  tc  price  risk. 
Production,   however,   does  respond  to  potato  prices  of  the 
previous  period. 

From  the   two  demand  equations,    neither   fresh  nor 
processed  potato  consumption  is  impacted  by  price  changes  of 
fresh  potatoes  at  the  retail   level.    Price   changes  of 
processed  potatoes   at  the   retail  level,    however,   do 
positively  impact   fresh  potato  consumption   and  negatively 
impact  processed  potato  consumption.    Suggested  here  is  the 
fact  that  consumers  have  a  stronger  preference  for  processed 
than  for  fresh  potatoes;   switching  from  processed  to  fresh 
potatoes  occurs  only  as   processed  prices  rise  considerable. 
Significant  price  increases  of  fresh   potatoes  at  the  retail 
level  do  not   precipitate  a  switch  to   processed  potatoes. 
Tiiis  may  be  due  to  a  favorable  nutrients/cost  ratio  of  fresh 
potatoes  as  compared  to  other  coamodities. 

Also  significant  among   the  results  of  the   two  demand 
eguations   are  the   nsyative  and   consistent  impacts   of 
exogenous  variables  on  demand  for  fresh  potatoes;  yet,  these 
same  variables  have   positive  and  strong  impacts   on  demand 
for  processed  potatoes.    Changes   exogenous  to  the  potato 
industry   obviously   influence  consumption   of   processed 
potatoes  at  the  expense  of   fresh.    Among  these  exogenous 
variaulfeS,    a  way-f  rom-hoiae  food  consumption  is  the  leading 
determinant  of  growth  in  processed  potato  consumption. 

Prom  the  results  of  the  retail  price  eguations,   retail 
prices  of  fresh  potatoes  are  poorly  explained  by  farm  potato 
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prices  and  marketing  cost.     Wholesale  prices  of  processed 
potatoes   and  the   trend  variable   explain   most  of   the 
variation  in   prices  of  processed   potatoes  at   the  retail 
level,   Poor  results  for  retail  prices  of  fresh  potatoes  may 
be   due  to   the   inability   to  capture   actual   demand 
elasticities  within  the  equation.   Potato  prices  at  the  tarn 
level  also  are  poorly  explained   by  potato  production  in  the 
current  and  previous  periods. 

The   empirical   results  show   the   effectiveness   of 
advertising  in  influencing  potato   consumption.    Indeed 
advertising   expenditures   are   so   large   relative   to 
expenditures  from  the  research  and   promotional  tax  that  the 
effects  of  the   generic  promotion  is  confounded   within  the 
larger  promotional  effort.    Not  only  is  current  advertising 
effective,   but  there  is  an   almost  equal  carryover  effect 
into  the  next   period.    In  addition  to   the  imbalance  of 
advertising  and  tax  expenditures,  the  relative  effectiveness 
of  advertising  may   be  due  to  its   product  differentiation 
emphases. 

In   summary,    production  of   potatoes   on   large, 
specialized   farms  appears   to   make  production   somewhat 
unresponsive   to   the  hypothesized   response   variables, 
especially  technology  and  risk.     Consumption  of  processed 
potatoes  is  unrelated  to  changes  in  fresh  potatoes  prices  at 
tne  retail  level.    Exogenous  factors,    such  as  growth  of 
away- fro in-home  food   consumption  and   women  in   the  lafcor 
force,   have  significant  impacts  en  consumption  of  processed 
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potatoes.   Retail  prices  of  processed  potatoes  are  explained 
considerably  by  changes  in  the   wholesale  price  of  processed 
potatoes,    Retail  and  farm  prices  of  fresh  potatoes  reveal 
weak  results  in  the  present  model. 

Summary  of  Structural  and  Market  Equilibrium  Results 
Though  the  discussion  heretofore  has  delineated  results 
from  thH   structural  and   market  equilibrium   eguaticns  cr 
sectors,   it  should   be  emphasized  that  effects   from  each 
sector  reverberate  throughout  the  system.    Fcr  example,  the 
structural  variable   PCM  impacts   the  market   equilibrium 
variable  WPP;   WPP  impacts  RPP,   another  market  equilibrium 
variable;   RPP  impacts  both  demand  variables,   UZ F  and  UZP; 
both  demand  variables  impact  ASR,  a  structural  variable;  and 
so  forth.     Thus,   the   results  for   each  sector   are 
interdependent.    Included  here,  therefore,  is  an  integrated 
discussion  of  the  systom. 

The  estimated   results  of  the   present  model   show  the 
structure  of  the  U.S.  potato  industry  to  change  primarily  in 
response  to  forces  external  tc  the  industry.    These  forces, 
captured   partly  in   the   growing   demand  for   processed 
potatoes,   engendered  structural  changes   that  appear  to  be 
anomalies.    More  suotle  examinations,  however,  reveal  that 
the  potato  industry   has  been  guided  by   rational  economic 
decisions.    In  early  phases  of  development   of  processed 
potato  products,   consumer  undoubtedly   were  willing  tc  pay 
relatively  high  prices  for  potato  products  as  these  products 
were  small   proportions  of  their  total   expenditures.    As 
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taste  tor  these  products  grew   along  with  the  specificity  of 
product  characteristics,    consumers1  demand   expanded  in 
response  to  price  reductions.    These  declining  prices  were 
accompanied  by  structural  changes   that  theoretically  would 
accompany  rising   prices.    Thus,    ostensible  anomalies 
prevailed. 

because  structural  changes  in  the  U.S.   potato  industry 
are  not   independent  or  market  equilibrium  changes,   the 
ostensible  anomalies  are  explainable.     As  consumers  were 
expressing  a   growing  preference  for  processed   over  fresh 
potatoes,   processors  responded  to  this  demand  and  enhanced 
it.    Because  specific  product  characteristics  were  inherent 
in  this  demand,   processors  unable  to  meet  this  specificity 
simply  left   the  industry   during  these   periods  of   con- 
siderable growth   and  expansion.    The   industry  therefore 
became  more  concentrated,   increased  its  use  of  advertising 
expenditures,  and  expanded  its  total  sales. 

As  the  above  changes   occurred,   consumption  of  fresh 
potatoes  declined,  prompting  the  potato  industry  to  initiate 
an  income-generating   tax  to  promote  consumption   of  fresh 
potatoes.    Advertising  expenditures  for  processed  potatoes, 
in  comparison  to   tax  expenditures,   were  large   enough  to 
absorb  the  tax  effectiveness.    Meanwhile,  potato  production 
gravitated   to  those   areas   engaged   heavily  in   potato 
processing.    These  shifts  in  potato  production  resulted  in 
lost  marketing  alternatives  for  many  producers,   especially 
smaller  ones. 
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CHAPTEH    VII 
USIHG    THE    HODEL 


Introduc  tion 


This   chapter    has   a    twofold    purpose:  (1)    to   report    the 

performance   of    the      potato   industry    as   determined      from    the 
reduced    and   final    forms   of   the      model;      and     (2)       to    report 
forecasted   changes      in   the    potato   industry      emanating   from 
three      alternative      growth   scenarios      of      the      exogenous 
variaoles.         Performance   measures  obtainable   from   simulating 
the   reduced   and   rinai   forms    are    (1)       root-mean-sguare    (RMS) 
error;       (2)     root-mean-sguare    (RMS)    percent    error;      and    (3) 
sensitivity      to    turning      points,  Dynamic      multipliers, 

derivable  from    the   final   form,    also    will   be    used    to   evaluate 
the    long    term   impacts   of    exogenous   variables.         Forecasts   of 
endogenous      variables   in      the    model      will   be      calculated 
assuming    changes   in    the    exogenous      variables    at    (1)       their 
mean    rates   tor    the    1976-61      period    (moderate    growth),       (2) 
twenty   five    percent   above   mean    rates    (rapid    growth)  ,    and     (3) 
twenty    rive   percent   below  mean    rates    (slow    growth). 

Performance   Of    The    Model 
ESly.ced_and_F_inal_Forms 

Many  interrelationships  among  the  system  of  eguations 
in  Table  4.1  nave  been  discussed  in  Chapter  VI  in  relation 
to   the  r     and    n   parameters.         The      full    system    was    shown    in 
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Tabic  6,3.    Further  insights  into  these  interrelationships 
are  discernible   from  the  reduced   and  final  forms   of  the 
model.    By  using  the  reduced   forms  to  estimate  predicted 
values  and  then   to  plot  these  against   actual  values,   a 
measure  of  performance  is  ascertained  and  depicted, 

Let  the  system  of  equations  shown  in  Tables  4.  1  and  6.  3 
be  written  in  general  notations  as 

(7.  1)   Ytr  +  XJI  =  Efc 

It  can  be   easily  shown  that  the  reduced  form   may  then  be 
written  as 

(7.2)   Yt  =  XtB  +  Ut 

where  3  =  -  nr~  and  U   =  E  r  ,    Since  in  this  model  there 
are  lagged   endogenous  variables,   a  more   meaningful  and 
revealing  way  of  writing  (7.  1)  is 


(7.3)   Ytr  *  Yt_ini   *  VJ[*        =   Et 

where   Y ,  are   lagged  endogenous  variables   previously 

embedded  in  X   and  W   is  the  subset  of  X.  that  are  exogenous 

variables  throughout  the  model.   Equation  7.3  in  its  reduced 
form  becomes 


(7.4)   Yt  =  Yt_x  3i  ♦  Ht  32   ♦  0t 

where     3j   =  —  n i F—       ,        32    =  —  IIzT  >      acd    ut    ^"s    as    defined    in 

(7,2).       By   iteration,    the   final  form    of    (7.4)     can    be    derived 
as   shown    in    equation    7.5. 
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t-1  .    t-1       . 


(7,5)   Y.  =  Yn  3i   +  E   W    02  3^   +  E  u,  . 

j=0     3        j=0  t  x 

where  3  implies  the  matrix  product  up  to  the  jth  time, 

This  equation   snows  that  each   endogenous  variable   is  a 

function  of  the  base  value  of  the  endogenous  variables,   the 

current  and  lagged  values  of   the  exogenous  variables,   and 

current  and  lagged  values  of  the  error  terms.    As  expressed 

here,    this  final   form  equation   is   most  useful   for 

determining  dynamic  multipliers.    That  is,  multipliers  are 

derived   which  characterize   the   impacts  on   endogenous 

variables  resulting   from  previous  and  current   changes  in 

exogenous  variables.    Alternatively,    they  characterize 

subsequent  changes   in  endogenous  variables   resulting  from 

current  caanges  in  exogenous  variables.   For  example,  how  is 

the  consumption  of  processed  potatoes  (UZP)  in  1984  impacted 

by  an  increase  of  fast-food  sales  (F?)       in  1981?    Such  an 

answer  is  embedded  in  the   coefficients  of  £'«'._•  in  equation 

7,5  and  will  be  discussed  subsequently, 

Although  empirical   results  from  the  reduced   forms  of 

both  7,2  and  7,4  are   derived  and  discussed  throughout  this 

chapter,   it  should  be  emphasized   that  plots  of  predicted 

values  depicted  in  Figure  7. 1  through   7. 1b  are  based  on  the 

reduced  form  of   equation  7.2.    This  reduced   form  fully 

captures  the  data   from  which  the  structural   parameters  in 

Table  4.1  are  estimated.    Having  determined  these  predicted 

values,  the  reduced  form  in  equation  7,4  is  used,   in  turn, 

to  derive  dynamic  multipliers.    These  forms  differ  only  by 
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their    use   of    the    actual      lagged    endogenous   variables   rather 
than   the   estimated    endogenous      variables.         In   the   former, 
lagged  endogenous   variables   consist      cf    their   actual   values 
while    the    predicted    values   are    in    the    latter.       Despite    these 
differences,       multipliers  from    the    latter   are   applicable    to 
the   former   reduced    form. 

Depicted      in    Figures      7.1    tnrough      7.1b   are      actual, 
predicted      and      forecasted    values      for      the      endogenous 
variables.         The   actual      and    predicted    values   are      for    the 
1960-81    data    period.         Forecasts   are    provided    for    1982-1990. 
This    next   section,         however,      will   fccus   solely      on    the 
performance   of    the      model  during    the   1960-81      data    period. 
Forecasts   are    discussed    in    a    subsequent   section. 
"educed   and    Final    Forms   for    Structural    Equations 

Analyses    of      performance    for   econometric      models    have 
shown    that   smooth,    slow-moving    variables   are    more    accurately 
predicted   than      tnose   exhibiting      high    variance      and    large 
fluctuations  from    period    to    period    (Fromm   and   Klein,       1976). 
While   these      analyses   have      applied      primarily   to      macro- 
econometric    models,         these    findings      to    a      large   extent 
characterize   the    present    model. 

As   shown    in    Figure    7.1,    actual    potato    processing    plants 
(NPP)       have  exhibited   a    smooth   pattern  of   change   except   for 
the   earlier  years.      Predicted   values  closely    parallel   actual 
levels   for    most    oc    tu e   data    period,       but    they   fail   to    trace 
erratic   changes    for    1960-65.         Much      of   this   decline   in    NPP 
since    1965   is   attributable   to      changes    in   minimum    efficient 
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plant  size  (MS)    and  cost  of   capital  (CK)   as  shown  vith 
equation  t>, 1  of  Table  6.3.     Dynamic  multipliers  for  these 
variables  together  with  their  rates   of  change  over  the  data 
period  show  considerable  effects  on  NPP.   Unit  changes  in  CT 
and  MS  laad  to  declines  of  3.9  and  1.4  units  respectively  in 
NPP.   These  same  period  effects  are  characterized  as   impact 
multipliers.    Multipliers  for  all   variables  are  shown  in 
Table  C.6. 

Dynamic  or  inter in  multipliers  for  these  variables  show 
tnat  there  also  are  carryover  effects.    For  example,  a  one 
unit  increase   in  MS   (1,000  pounds   per  hour   processing 
capacity)  in  period  t-1  leads  to  a  decrease  in  NPP  in  period 
t  of  .05  units.    The  corresponding  multiplier  for  CT  leads 
to  a  decline  of  .09  units   in  NPF.    Summing  these  interim 
multipliers  from  the  base  year  forward,   it  is  revealed  that 
the  long   run  impact  of  unit   increases  in  CT  and   MS  are 
losses  oi  4.2  and  1.6  units  respectively  in  NPP. 

Figure  7.1  shows  clearly  that   this  reduced  form  traces 
the  trend  in  NPP.    ?loto   that  predicted  NPP  drops  sharply 
from  1978-81.     This  undoubtedly  is  due  to  unprecedented 
increases  of   more  tnan  100   percent  in  the   interest  rate 
(CK) ,    Because  potato  processors   probably  have  access  to 
some  internal  finances,   the  last   few  predicted  values  are 
likely  distorted  by  the  unexpected   surge  in  CK.    Despite 
these  wide  deviations  for  the   last  few   years,   overall 
performance  for  this  reduced  form  seems  highly  acceptable  as 
measured  by  the  low  EMS  percent  error  cf  5.6.   The  RMS  error 
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of  19.7  is  also  quite  low   relative  to  the  352.7  mean  value 
of  N?P.   These  statistics  ace  shewn  in  Table  C.  7, 

As  seen   in  Figure  7.2,    the  reduced   form  equation 
performs  well  for  concentrating  (CRP)  .   The  upward  trend  not 
only  is  duplicated,  but  most  turning  points  along  this  trend 
also  are  captured.     Both  the  RKS  error   and  5MS  percent 
errors  are  exceptionally  low,   respectively  1.3   and  2.1. 
Mean  concentration  for  the  top  four  potato  processors  during 
the  data  period  amounted  to   market  shares  of  64.6  percent. 
Thus,   all  three  performance   measures  are  exceptional  for 
this  reduced  form. 

Changes  in  transportation  cost  (CT)   had  a  significant 
impact  on  CRP  as  seen  in  Table  6.1.    The  impact  multiplier 
shows  that  each  $1  increase  in   CT  ($  per  hundred  gallons  of 
uiesel  fuel)   causes   CRP  to  increase  .1   percent.    The 
corresponding  long  term  multiplier   is  .13  percent.    Sith 
only  a  .03  psreent  difference  between   the  impact  and  long- 
term  multiplier,   it  readily  follows   that  there  is  little 
carryover  effect  frcm  changes  in  CT.    This  impact  of  CT  on 
CI<P  conforms  with  findings  by   Bcilcck  (198  1)   tnat  rising 
energy  cost   leads  to   greater  regional   concentration  of 
production.    An   extension  of  this  result   suggests  that 
greater  regional  concentration  leads  to   or  is  tantamount  to 
greater  iirm  concentration. 

Another   reduced   form   equation   exhibiting   good 
performance  is  that  for  price  cost  margins  (FCK) .    A  glance 
at  Figure  7.3   reveals  that  PCM  is   predicted  well  despite 


SIMULATE  POTATO  MODEL  USING  SYSREG  AND  SIMLIN 

* - *    =    ACTUAL    VALUES 

2 z 1    =    PREDICTED    VRLUES    RND    3 I MULAT I  DNS    FROM    MEAN 

$ ■$ $    =    SIMULATIONS    FFiOM    25    PERCENT    ABOVE    MEAN 

T T T    =    SIMULATIONS    FROM    25    PERCENT    BELOW    MEAN 


182 


I .  o- 


0— 


?    R. 


P 
E 

Fi 
r 

E 

N 
T 


3  '  .  j  ■ 


65.  0-1 


62.5- 


60.  0- 


57.  5^ 


jf  -«- ' 


.-*- 
*# 


-  ~-  -X' 


•r 


,¥, 


W- 


-  if, 


J* 


/"    3 


4  7- 


i 
j 

i 


0- 

I  '  '  '  '  '  '  '  '  '  I 

1960  1965 


-1 — r-i — 1— r- 


1 9  7  0 


-i — i     i    l     i    l — i — i — i- 


L98Q 


-T-T— ■ 1 1 1 1 1 1- 


L3S5 


1 9  9  0 


'EAR 


Figure  7.2.     Actual,   Predicted  and  Simulated  Values  for  Concentration 


183 


SIMULATE  POTATO  MODEL  USING  SYSREG  AND  SIMLIN 

* * *    =    .(HCTUflL    VALUES 

I Z Z  =  PREDICTED  VALUES  AND  SIMULATIONS  FROM  MEAN 

$ $ 3  =  SIMULATIONS  FROM  25  PERCENT  ABOVE  MEAN 

T T T  =  SIMULATIONS  FROM  25  PERCENT  BELOW  MEAN 

/I, 

H  /  \ 

\ 
1  \ 


a— 


i  ■ 
D 
0 
L 
L 

A  6- 
R 
S 

P 
E  5- 

R 

C 
l-l 
T  y- 


:i- 


2- 


2 


I  '.*  - 


I 


/±*    vv 


I* 


^1 


',  A 


I 


— r — i — i — i — i — i — i — i — i — 1 — i — i — i — i — i  r  r™ i — i — iiiii — 1~ i — i — i — i — I — i — i — i — i — i — i — i — i — i — i — i — r— t — i — r-i — i — i — i — I — i — i — i — i — i — i— 


1960      L965      1970      1975      I960      1055      L990 

TEAR 

Figure  7.3.  Actual,  Predicted  and  Simulated  Values  for  Price 
Qost  Margins 


184 
large  fluctuations  in  actual  margins.    Many  turning  points 
are  predicted   and  there   is   a  reasonable  correlation  of 
predicted  and  actual  values,    although  at  times  predicted 
values  appear  to  be  off  one  period. 

Ihe  3MS  percent  error  of   16.8  for  PCf ,   though  higher 
than  for  the  previous  two   variables,   seems  reasonable  by 
statistical  standards.    A  RMS  error  of  .8  is  observed,  rut 
it  is  only   meaningful  relative  to  the  5.81   mean  value  for 
PCM.    As  auother  measure  of  performance,   predicted  values 
ware   derived  using   1965  instead   1960   as  the   initial 
simulation  period,    This  change,    though  results  are  not 
Siiown,   did  not  lead  to   a  deterioration  in  performance  as 
measured  by  SMS  errors  and  sensitivity  to  turning  points. 

it  is   discernible  fro  r  tiit  multipliers   that  several 
exogenous  variables  with  positive  and  significant  impacts  on 
the  demand  for  processed  potatoes   also  have  significant  but 
negative  impacts  on  margins^    As  an  example,  the  long-term 
impact  of   a  1  percent  increase   of  BS  is  a   .0  14  percent 
increase  in  CitP,  but  a  .004  unit  decrease  in  PCM.    In  sum, 
rising  concentration  has  been   accompanied  by  1  wer  instead 
of  higher  margins. 

Though  the  reduced  form  for  ASP,  depicted  in  figure  7.4, 
shows  low  sensitivity  to  turning  points,   its  performance  as 
measured  by  the   low  8 IS  percent  error  of   16.6  seems  guite 
acceptable.    A  corresponding  RMS  error  of  .001  is  observed 
but  this  must   be  evaluated  in  light  of  the   .01  mean  value 
for  ASR.   Some  of  the  fluctuation  in  ASR  is  probably  weather 
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related.    Sales  or  processed  potatoes  are  most  likc-ly  to 
decline   when   taere   are   considerable   shortfalls   in 
production.    Advertising  expenditures,   en  the  other  hand, 
are  less  likely   to  fluctuate  with  production   as  these  are 
planned  and  budgeted  beforehand. 

Long-term   multipliers   for  the   traditional   demand 
shifters  reveal   that  these   variables  have   positive  and 
sizeable  carryover  effects  on  ASR.   This  suggests  that  these 
demand  snifters  iufluence   planned  advertising  expenditures 
on  processed  potatoes.    That  is,   both  current  and  future 
advertising  expenditures  are  influenced   by  current  changes 
in  these  demand  shifters. 

As  shown  in  Figure  7.5,  the  potato  industry  experienced 
erratic  capacity  changes  during  the  1960-70  period.   Percent 
changes  in   capacity  turned  downward   from  1962   to  1964, 
surged  upward  in  1965  and  1966,   fell  sharply  in  1967,   and 
tnen  changed  moderately  the  remaining  years.    These  erratic 
changes  are  predicted   poorly,   but  the  downward   trend  is 
traced.   Sharp  downturns  in  predicted  values  for  1978-81  are 
probably  attributable   to  soaring  interest  rates   for  this 
period.    Some  percentage  increase  in  capacity  was  actually 
realized   as  potato   processors  either   were  not   greatly 
impacted  by  increases  in  capital   costs  or  were  committed  to 
these  expenditures  before  the  upward   surge  in  capital  cost. 
Performance  for  this  reduced  form  is  unsatisfactory  as  a  RMS 
percent  error  of  67.6  is  observed. 
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Examining  the   long-term  multipliers,    a  1   percent 
increase  in  dispersion  or  potato   production  (GD)   leads  to 
.0013   percent  increase   in  CCA.     A   $1  increase   in 
transportation  cost  (CT) ,  on  the  other  hand,   causes  a  long- 
term  decline  in  CCA  of   .00  14  percent.    Capacity  therefore 
expands  with  dispersion  or  potato  production,   but  declines 
with  rising  transportation  cost.    In  ether  words,  although 
processing  plants  a  is  centered  around  raw  potato  production, 
raw  production   has  become   more  concentrated   because  of 
increased  CT. 

As  may  be  seen  in  Figure  7.6,  utilization  of  processing 
capacities  (OCA)    rose  sharply   during  196  1-64,    fell 
drastically  from  1964-67,   and  then  rose  sharply  again  from 
1967-70.    Recalling  from  Figure  7.5,  these  are  approximate 
periods   for  which   CCA  exhibited   similar  but  opposite 
patterns  of  change.   During  the  above  mentioned  periods,  UCA 
aged  from  a  low  of  40  to  a  high  of  61  percent.   These  low 
rates  suggest  a  period  for   which  the  industry  adjusted  from 
overexpansion. 

Wnile  this  reduced  form  shows  low  sensitivity  to  turning 
points,   its  perf  oi  mance  as  measured  by  the  low  RMS  percent 
error  of  7.9  is  guite   acceptable.    As  another  measure  of 
performance,   simulation  for  the  model   was  started  in  1965 
rather  than  1960.    A  comparable   level  of  performance  was 
observed  in  terms  of  sensitivity   to  turning  points  and  RMS 
percent  error. 
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The   loug-terui  multiplier   shows  that    a  1   percent 
increase  in  GD  leads  to  a   .002*4  percent  decline   in  UCA. 
Although  there  may  te  a  positive  relationship  between  plants 
and  production  dispersion,   there  is  an  inverse  relationship 
between  the  number  of  plants  and  their   utilization  rates. 
Smaller  plants  in  essence  are   operated  at  lower  capacities 
than  larger  ones. 
Reduced  and  Final  Forms  for  Market  Equilibrium  Equations 

As   depicted  clearly  in  Figure   7.7,   the  reduced  form 
estimating  raw  potato  production  (QEP)   performs  exceedingly 
well.   Actual  production  exhibits  considerable  variation  and 
wide  fluctuation  from  year  to  year.   Yet,  nearly  all  turning 
points  are   predicted  and  there  are   minimal  discrepancies 
among  actual  and  predicted  values.    It  should  be  emphasized 
that  v!KP  is  estimated  in  its   structural  form  as  a  function 
of  predetermined  variables  only.     Such  procedure  greatly 
improves  the   precision  of   estimation  since   no  predicted 
values  from  the  first  stage  are   included  in  the  second  and 
third  stage  regressions.    These   differences  in  estimating 
procedures  notwitnstanding,    estimation  of   these  erratic 
production  changes  with  considerable  precision  speaks  to  the 
sensitivity   of  this   reduced   form   in  tracing   extreme 
volatility. 

Performance  for   this  reduced  form  is   exceptional  not 
only  for  its  satisfactory  duplication   of  turning  points  tut 
also  for   it;s  low  F.KS  percent   error  of  (+.7   (Table  C.  7)  . 
Pindyck  and  Rubinfeld  (1976)   note   that  frequently  a  model 
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waich  duplicates   turning  points   will  exemplify   high  RMS 
errors,  and  vice- versa.   They  contend  that  a  model  with  both 
high  sensitivity  to  turning  points   and  low  EMS  error,   as 
observed  her^,  is  indeed  characteristic  of  good  performance. 
A  glance  at   Figure  7.8  reveals  that   the  reduced  form 
for  utilization  of  fresh  potatoes  (UZF)   traces  the  downward 
trend  in   actual  consumption   extremely  well.     Although 
several  turning   points  are  not  called,    deviations  among 
predicted  and  actual  values  represent  a  EMS  percent  error  of 
only  7.4.    The  corresponding  RKS   error  is  4.2  as  measured 
against   mean  consumption   of   62.7   pounds  per   capita. 
Additionally,  variation  in  the  initial  simulation  period  did 
not  lead  to  lower  performance  as   measured  by  RMS  error  and 
turning  point  sensitivity.   On  balance  then,  performance  for 
tnis  reduced  form  seems  most  acceptable. 

Several  exogenous  variables   have  significant  long-term 
impacts  on   UZr'.    Contrary   to  our   economic  hypothesis, 
increased  produce  sales  (GC)  at  supermarkets  have  an  adverse 
long-term  impact  on  UZF.    A  1  percent  increase  in  GC  causes 
future-  UZr'  to  fall  by  .3  pounds  per  capita.    A  smaller  but 
significant  eftect  is  realized  frcm   a  1  percent  increase  in 
FF;  UZF  declines  by  .  18  pcunds.   The  long-term  effect  of  a  1 
percent  increase  in  tf  N  is  a   ,43  pounds  decline  in  UZF.    A 
comparison  of  UZF  with  UZP   shows  that  these  aforementioned 
variacles  h^ve      a  larger  adverse  impact   on  UZF   than  a 
positive  impact  on  UZP.    Thus,  some  of  the  factors  leading 
to  a   decline  in  consumption  of   fresh  potatoes   are  not 
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leading  to  an   equal  or  similar  increase   in  consumption  of 
processed  potatoes. 

The  reduced   form  fcr  processed  potatoes   depicted  in 
Figure  7.9  picks  up  the   upward  consumption  trand  and  calls 
many  turning  points.    In  modelling  consumer  behavior  toward 
consumption  of   processed  and   fresh  potatoes,    one  may 
hypothesize  greater  fluctuations  in   the  former  than  latter 
and  attempt  to  account  for  these  in  the  model.    Cue  reason 
for  such   hypothesized  diff trentials  would   be  oscillating 
advertising  expenditures  on  processed   potatoes.    Baving 
integrated  this   hypothesized  pattern  cf  consumer  behavior 
into  the  modal,   then  it  readily  follows  that  the  reduced 
form  for  fIZP  should  pick   up  turning  points  more  accurately 
than  the  reduced   form  for  UZF.    Indeed   this  pattern  is 
observed. 

Despite  the  qreater  sensitivity  of   this  reduced  form  to 
turning  points,   its  2KS  parcent   error  of  7.8  is  actually 
higher  than  that  for  UZF.    Relative   to  UZF,   a  lower  EMS 
error  of  4. 1  is  observed,  but  this  error  also  corresponds  to 
a  lower  mean   per  capita  consumption  of   59.9  pounds.    Cn 
balance  though,  performance  is  highly  acceptable  as  measured 
by  the  low  RMS  errors  and  the  turning  point  sensitivity. 

Examining  multipliers,    several   variables  impacting 
both  UZP  and  UZF  have  larger  carryover  effects  on  the  former 
than  latter.    That  is,  long  and  short  term  multipliers  for 
UZF  are  often  insignificant,   nut  quite  significant  for  UZP. 
For  example,   the  short  and  long  term  effects  of  a  1  percent 
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increase   in  GC   are  increases   of  .20  and  .23   pounds 
respectively  in   iJZP;   a  1   percent  increase  in   WN,   by 
comparison,  leads  tc  short  and  long  term  increases  in  UZP  of 
.29  and   .34  pounds.    These   same  variables   have  larger 
absolute  effects  on  UZF  but  these  effects  are  immediate  with 
little  carryover. 

All  nine   reduced-form  eguations  discussed  heretofore 
have  traced  all  trends,   called   many  turning  points,   and 
predicted  values  approximating   actual  values.    Subsequent 
eguations,   depicted  in  Figures  7.10--7.16,   exhibit  a  less 
satisfactory  level  of  performance.    Much  of  this  decline  in 
performance  is  due  to  large  fluctuations  and  high  volatility 
of  the  underlying  variables,  mostly  prices.   It  will  be  seen 
though  that   the  model  still  performs   well,   particularly 
among  variables   with  less   extreme  vclatility.     These 
patterns  may  hava  been  predicted   as  they  are  characteristic 
of  those   observed  for   macro-econometric  models   (Christ, 
1975;  Frcmm  and  Klein,  1976). 

Figure  7.10  shows  that  the  farm  price  cf  potatoes  (FPR) 
exhibits  high  variance  and  large  fluctuations  from  year  to 
year.  The  price  lell  rrcm  $2.10  per  hundredweight  (cwt)  in 
1960  to  *1.43  in  1961,  increased  by  1964  to  $3.70,  declined 
severely  by  1967  to  $1.87,  rose  sharply  in  1973  tc  $3.73  and 
so  focth.  These  price  changes,  depicted  in  percentages,  are 
plotted  against  production  changes  in  Figure  7.17.  This 
figure  establishes  that  each  of  the  preceding  price  changes 
are  associated  with  corresponding   production  changes  which 
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are      invariably   smaller      and    in      the    opposite      direction. 
Modelling   this      relationship    presents      difficulties   because 
production    changes      are    ctten      the    result      of    weather      as 
opposed      to  economic      factors   and      the      model    does      not 
completely    reflect    the    response    tc    these   extreme   changes. 

Despite   sometimes      wide   discrepancies      among    predicted 
and    actual    prices,         the   reduced    form   calls      many    turning 
points   but   invariably    underestimates      the    magnitude    of    these 
turns.         I hen    prices   change      less   dramatically,      as   during 
1966-7  1,       the    reduced    form   shows    a    reasonable   approximation 
of   predicted    and   actual    prices.  This  factor   coupled    with 

the  reasonable  RMS  percent  error  of  24.7  suggests  a  level  of 
performance  which  is  acceptable  given  the  underlying  nature 
of    the    variable  being    explained. 

Examining    the    multipliers   associated    with   FPE,    the    long- 
term  effect   of    potato    substitutes    (PS)      is   2.5   times   greater 
than      its   short-term      effect.         This      reflects   the      lew 
elasticity   of    supply    of    pot    toes.      That   is,    potato   producers 
shift    to    production      of    substitute   crops   only      gradually    in 
response    to   price    increases.         As   this   shift    occurs,    potato 
production   is   diminished   and    price  is   therefore   increased, 
Unlike    FPH      which   fluctuates      widely   from      period    tc 
period.      Figure   7.11    shows    tnat      WPP   exhibits    a   continually 
downward    but   less    fluctuating      pattern    of    movement.         Frice 
falls   from  a      high    in    19b 1    of      $10.94    to   a    low      in    1980   of 
$6.37    per   cwt.         This    path    of   change    is   traced    very   closely 
by    the    reduced    form.         Actual      and   predicted    prices    in    1981 
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are  respectively  36.72  and  $6.53  per  cwt,   a  margin  of  $.19, 
Dy  comparison,   a  $.17  margin  exists  for  the  beginning  data 
point,  1960. 

Performance  for   this  reduced  form  is   exceptional  net 
only  for  its  high  sensitivity  to  turning  points  but  also  for 
its  low  RMS  percent  error   of  5.9.    Its  corresponding  EMS 
error  is  ,46,  but  this  is  meaningful  only  in  relation  to  the 
mean  price  of  $8,2  cwt,    Thus,  performance  for  this  reduced 
form  is  highly  acceptable  by  all  measures. 

The   multiplier  effects   are  negative   for  all   the 
exogenous  variables   which  may  be  hypothesized   to  enhance 
demand  and   thereby  prices  of  processed   potatoes,    Even 
rising  income   has  a  negative   impact  en  »JPP,    though  a 
positive  effect  on  UZP.    Suggested   here  is  the  fact  that 
processed  potato  prices  are   determined  more  from  endogenous 
than  exogenous  factors.   Stated  differently,  WPP  is  probably 
more  cost  than  demand  related.    Technological  change   (Tr) , 
for  example,  is  shown  to  diminish  WPP,   perhaps  through  cost 
reductions.    The  model,   accounting   for  the  many  factors 
influencing  WPP,   is   shown  to  perform  well   on  wholesale 
prices. 

The  retail  pric=  of  fresh   potatoes  (RPF)   depicted  in 
Figure  7. 12,   is  shewn  to   reyister  fluctuations  similar  to 
those  exhibited  by  FPR,    While  changes  in  FPE  were  clearly 
linked  to  QRP,   no  consistent  pattern  exists  between  RPF  and 
2RP  (Figure  7.18).    Occasionally  there  appear  to  be  adverse 
but  delayed  price  effects  emanating  from  changes  in  QRP. 
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Although  the  reduced  form  for  HP?  greatly  un<3  erestimates 
the  magnitude  of  changes  in  HPF,   it  nonetheless  calls  most 
turning   points.    Despite   these  underesti ma ti ons,    a 
reasonably  low  EMS  percent   error  of   9,8  is   observed. 
Additionally,   varying  the  initial   simulation  period  from 
1960  to  1965  did  not  lead   to  a  lower  level  of  performance. 
Iu  light  of  these  measures,    performance  for  this  reduced 
form  is  judged  acceptable  but  stronger  results  are  desired. 

Multipliers  for   RPF  are  identical  to  these   for  FPE, 
except  additional   multipliers  for   BPP  emanate   from  MC. 
Similarity  of  multipliers  stems  from   the  estimation  of  HPF 
as  an  identity  of  FFE  plus  a  function  of  MC .    Note  toat  the 
long  term  multiplier  for  MC  is   identical  to  its  short  term 
value,   taus   indicating  tnat   all  increases   in  MC   are 
reflected  immediately  at  the  retail  level. 

A  glance  at  Figure  7.13   reveals  that  the  retail  price 
of  processed  potatoes  (EPl)    has  changed  less  erratically 
than  that  of  KPF  (all  prices   are  expressed  in  real  terms) . 
The  price  exhibits  a  downward  trend  from  1960  to  1973,  turns 
upward  from  1973  to  1377,   and  then  fluctuates  capriciously 
thereafter.    Despite  the  two  relatively  smooth  trends,  wide 
discrepancies  exist  between  predicted   and  actual  prices  for 
these  periods,   with  the  most  pronounced  ones  occurring  from 
1966-73.   An  oDserved  inverse  relationship  letween  predicted 
and  actual  price  for  much  oi   this  period  probably  is  due  to 
the  unexpected   relationship  between   WEP  and   SPP.    The 
wholesale  price  rises  during  much   of  this  period;   yet  EPP 
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falls.    A  probable  cause  of  this   anomaly  is  that  a  large 
proportion  of   frozen  potatoes  are  reflected   in  whclesale 
prices  but  not   in  retail  prices.    Kith  frozen  potatoes 
becoming  the  dominant  processed  form  during  this  period,   it 
is  conceivable  that  prices  could  have  risen  at  th 3  wholesale 
level  wnilo  simultaneously  falling  at  the  retail  level. 

Despite  the  low  sensitivity  to  turning  points  exhibited 
by  this  form,   a  relatively  low  KMS  percent  error  of  10.0  is 
observed.    The  corresponding  HKS   error  is  1.0,   measured 
against  a  mean  price  of  $11,2   cwt.    A  comparable  level  of 
performance   is  observed   for  a   change   in  the   initial 
simulation  period  from   196)  to  1965.    On   balance  then, 
performance  appears   to  be   at  a   statistically  acceptable 
level. 

Sevealed   from  the   multipliers   is   the  fact   that 
variables  with   long-term  positive   impacts  on   demand  for 
processed   potatoes  *iave   negative  impacts   en  prices   of 
processed  potatoes.    These  relationships  help  establish  the 
inverse  relationsni  j.  between  demand   and  prices  of  processed 
potatoes.    As  an  example,   a   1  unit  increase  in  expected 
growth  (GR)   leads  to  a  .06  pound  long-term  increase  in  OZP 
but  a  jl.009  cwt  dcci.-ase  in  BFP.   Similar  multiplier  effects 
art  realized  from  all  remaining  exogenous  variables,   those 
that  have  negative  impacts  on  UZP,  of  course,   have  positive 
impacts  on  BPP. 

Just  as  wide  discrepancies   exist  between  predicted  and 
actual  prices   of  fresh  potatoes  at  the  retail   and  farm 
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level,   the  spread  of  retail   and  farm  prices  (SPR)   shows 
similar  discrepancit ->,    As  shown   in  Figure  7.  14,   large 
fluctuations  in  SPE  occur  from  year  to  year.    From  1960  to 
19b4,  SPE  fell  from  S6.05  to  S4.50,   rose  in  1965  to  17.30, 
fell  sharply  in  1966  to  $5.51,   and  so  forth  (note  that  all 
prices  ate  expressed  in  r  ai  terms)  .    Capturing  these 
fluctuations  proved  to  be  beyond  the  level  of  sensitivity  of 
the  model.    However,  a  reasonable  EMS  percent  error  cf  12.3 
is  realized.    As  may  be  seen,  this  reduced  form  predicts  a 
slow-moving,   upward   trend.    This   trend  reflects   the 
marketing  cost  (MC)   variable  from  which  SPE  is  estimated  in 
its  structural  form. 

Depicted  in  Figure   7.15  are  the  predicted   and  actual 
values  for  the  research  and  promotion  tax  (EPT) .    Although 
actual  tax  expenditures  follow   an  erratic  path,   predicted 
expenditures  call   several  turning   points,   tnough   the 
magnitude  of  these  turns  are  underestimated.    This  failure 
to  capture  the  magnitude  cf  the   turning  points  results  in  a 
large  EMS  percent  error.   By  this  measure  alone,  performance 
for  tais  reduced  form  must  be  judged  inadequate. 

Multipliers  for  EPT,   it  may  be  noted,   are  determined 
primarily  from  UZF  and  UZP.    whether  an  exogenous  variable 
has  a  negative  or  positive   long-term  effect  on  EPT  depends 
on  the   signs  and   relative  magnitude   cf  the   associated 
multipliers  for  UZF  and  UZP.    For  example,   the  long-term 
effects   of  PN   on   UZF  and   UZP   are   -.116  and   .113 
respectively.    From   these  two  multipliers,   it   may  re 


206 


7 ; 

$-- 


SIMULATE  POTATO  MODEL  USING  SYSREG  AND  SIMLIN 

u « h    -    Ri:TURL    VHLUt3 

—I    =    PREDECTED    VALUES    ^D    SIMULATIONS    FROM    MEAN 
■%  —  -%    =    SIMULATIONS    FROM    25    PERCENT    RBOVE 


T x r    =    'oiMUL 


RTIONS    FROM    25    PERCENT    BELOW    MEAN 


7.5h 


7.0- 


,  i 


j*   *-   ... 

-r  v 


a';.' 


D 

6. 

5-\ 

n 

. 

L 

- 

L 

- 

R 

- 

R 

6 

0— 

o 

- 

p 

- 

E 

R 

5 

,  5- 

r 

- 

H 

T 

-V 


5.  0- 


4.5- 


4 .  0 


1  ,.^f 


i  M  %    \  I 


\  / 

\ 


I 


I960 


■  i  i  i | i  i  i  |  i  i 

c-  1  '3  7  0 


1965 


1975  1980 

TERR 


I, ■  | '  '  i 

c  199  n 


L9o" 


Figure  7.14.  Actual,  Predicted  and  Simulated  Values  for  Spread 
of  Retail  and  Farm  Price 


207 


SIMULATE  POTATO  MODEL  USING  SYSREG  AND  SIMLIN 

M * M  =  RCTUflL  VRLUE3 

7 7 7  =  PREDICTED  VRLUES  RND  5IMULRTIONS  FROM  MERN 

$ $ $  =  3IMULRTI0N5  FROM  25  PERCENT  RBOVE  MERN 

t— T T  =  SIMULATIONS  FROM  25  PERCENT  BELOW  MtflN 


M 
I 
L 
L 
I 
0 
N 

0 

F 

Q 

0 
L 
L 
R 

Fi 


L  .14- 


i.  .  <-- 


L  .0- 


0.8- 


0.6- 


0.U- 


0 . 


"i .  n  • 


A, 


/ 


\  / 

V 


L973 


i  ■  i   i   i 1 r"'T — i   -|  — r 

L978 


— t 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1 1   i   '   '   p 

L983  L388  L993 


TERR 


Figure  7.15.  Actual,  Predicted  and  Simulated  Values  for  Research 
and  Promotion  Tax 


208 
inferred  that  PN  will  have   a  negative  multiplier  effect  en 
RPT,    In  summary,  PPT  increases  or  decreases  as  demand  (UZF 
and  OZP)  increases  or  decreases. 

Figure  7.16  depicts  the  last  reduced  form  equation.   As 
can  be  seen,   turning  points   for  utilization   of  other 
potatoes  (OZO)    are  called,    but  their   magnitudes  are 
invariably  overestimated.   Tais  equation  is  estimated  in  its 
structural  form  as   a   residual  of  total   utilization. 
Predicted  values   therefore  partly  reflect  ever   and  under 
estimation  or  fresh  and  processed  potatoes.    Deviations  of 
predicted  and  actual  values  lead  to   a  RMS  percent  error  of 
23.4.    Ihis  error,  while  large  as  compared  to  that  for  some 
of  the  previously  discussed  variables,  seems  acceptable  as  a 
measure  of  performance. 

A  striking   long-term  multiplier  effect   is  associated 
with  potato  substitutes  (PS).    Revealed   here  is  the  fact 
that  a   f1  per  cwt   increase  in   PS  leads  to  a  long-term 
decline  in  OZO  of  26  pounds  per  capita.   As  DZO  is  comprised 
of  potatoes  for  seed,   teed,   and  losses  through  shrinkage, 
this   multiplier  indicates   that  these   uses  are   greatly 
diminished  as  potatoes  for  more  essential  uses  expand.    It 
iaay  also   be  noted  that  a   1  unit  increase   in  geographic 
dispersion  of  potato  production  (GD)    leads  to  a  lono-term 
increase  of  .17  pounds  per  capita  in  UZO.    Ihis  multiplier 
confirm  a   popular  viewpoint  among  potato   specialists  that 
increased  size  and   specialization  of  potato  farms   lead  to 
better   potato   utilization.      Increased   size   and 
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specialisation,   of   course,   are  assumed   tantamount  to 
increase  concentration  or  less  dispersion. 

In  summary,    reduced  forms  perform  well   for  several 
market  equilibrium  variables,    especially  those  exhibiting 
mild  fluctuations  from  period   to  period.    Performance  is 
exceptional  for  production   of   fresh  potatoes   despite 
capricious   fluctuations.     A  considerable   decline   in 
performance   is  observed   as  the   model  predicts   highly 
volatile  prices,   particularly  prices   cf  fresh  potatoes  at 
the  farm  and   retail  level.    This  performance   though  is 
characteristic  of  that  observed  for  mac  roec  on  cine  trie  models. 
Synopsis_of  .Structural  and  Market Equilibrium  Results 

This  econometric   model  of  the  U.S.    potato  industry 
performs  well   on  both   structural  and   market  equilibrium 
equations.    Measuring   performance  on   the  basis   of  EMS 
percent  error,   RMS  error  and  sensitivity  to  turning  points, 
it  seems  safe  to  conclude   that  structural  eguations  exhibit 
a   more  satisfactory   level  of   performance  than   market 
equilibrium  equations.    The   structural  equations  exhibit 
less  fluctuations   and  volatility  than   market  equilibrium 
equations.    With   a  high   sensitivity  to   turning  points 
exhibited   by  several   reduced   form  market   equilibrium 
equatxons,   performance  for  this  set   of  equations  is  also 
highly  acceptable. 

Viewing  the  six  structural  equations,  it  is  quite  clear 
that  performance   f cr  concentration,    and  the   number  of 
processing  plants   is  superior  to   that  of  the   other  four 
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'ations,  irrespective  of  how  performance  is  measured.   The 
last  tour  structural  variables  did,   however,   shew  greater 
fluctuations  than   the  aforementioned   variables;   poorer 
performance  for   these  variables  may   be  due   to  intrinsic 
factors.    As  an  example,   changes   in  capacity  (CCA)   or 
increased  capacity,   although  made   in  response  to  economic 
factors,   may   come  on   stream  as   economic  factors   are 
suggestive  of  diminished  capacity.    such  untimely  responses 
are  difficult   to  capture  in   the  model  because   they  are 
uncnaracteristic  or  rational  economic  behavior. 

Despite  slippage   in  performance   for  the   last  four 
structural  equations  as  compared  to  the  first  two,   overall 
performance   for   these   equations  is   well   within   a 
statistically  acceptable   level.    In   fact,   given   the 
complexity  of  the   model  and   observed  performances  for 
macroeconometric  models,   a  more   sanguine  conclusion  would 
probably  be   that  perioriuance   exceeds  most   statistically 
acceptable  levels. 

Performance  in   the  market  eguilibrium  sector   may  be 
separated  according  to  (a)  supply,  (b)  demand  and  (c)   price 
equations.    Despite   large  fluctuations  in   potato  supply 
(QKP)  ,   the  reduced  form  accurately  predicts  turning  points 
and  determines  the   sharpness  or  magnitude  cf   these  turns. 
Demand  equations  for  fresh  and  processed  potatoes  show  close 
approximation  between  predicted  and  actual  values.   However, 
erratic  and  large  l  luctuations  in   prices  of  fresh  potatoes 
at  the   farm  and   retail  levels   are  predicted   with  only 
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reasonable  accuracy.    The  inability  of   the  model  to  more 
accurately  predict  these  changes   is  hypothesized  to  result 
troia  large   price  responses   emanating  from   small,   yet 
unpredictable,  production  changes  that  the  model  simply  does 
not  adeguately  reflect. 

Processed  price  equations,   both  wholesale  and  retail, 
are  predicted  reasonably  well  by  their  reduced  forms.   These 
prices,    as  compared   to  fresh   prices,   respond   less 
erratically  to  production   changes.    Still,   considerably 
fluctuations  are  observed  with  many   of  them  being  traced  by 
the  reduced  forms.    In  summary,  the  model  performs  well  in 
the  market  equilibrium  sector  despite   its  lack  of  complete 
sensitivity  to  erratic  price  changes. 

Model  forecasts 
Theory _gf  Forecasting 

Forecasting,   according  to  Intriligator  (1978),   is  the 
process   of  predicting   values  of   variables  cutside   the 
available  sample  of  data.     Non-economic  or  nonscient if ic 
predictions  can  be  cased  on  expert  opinions  or  beliefs.   Cne 
may  predict,  for  example,  that  his  feelings  tomorrow  will  be 
identical  to   his  feelings   today.    Such   prediction  or 
forecast,   although  frequently  correct,   lack  a  theoretical 
basis   comparable  tc   that   which  underlies   econometric 
rorecasts,    Intriligator  argues  that  reduced  forms  from 
which  econometric   forecasting  is  done  are   reflections  of 
sound,  well-developed  economic  theory  as  embodied  in  the 
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structural-form   eguations.         The      discussion    which   fellows 
will    therefore   be    limited    to   econometric    rorocast ing. 

Econometric   forecasting,      as      discussed    here,       refers 
strictly    to  forecasting    from    reduced    forms    which    incorporate 
all    parameters    and    variables      emanating    from    the    structural 
form   of    the   model,       Pertinent   information   emerging    since    the 
development   of    the    model    may      be    used    to   adjust    parameters, 
errors      terms,         or   exogenous      variables.  In      fact, 

incorporating    these   factors    together      with    these   inherent    in 
reduced    forms    is    what    makes    econometric   forecasting    superior 
to   other      methods    of      forecasting    (Intriligator,         1978) . 
Forecasting   from  dynamic    econometric      models   though,      as    is 
done   here,      is      beset    by    the    infancy      of    dynamic    economic 
theory    (Harvey,     1981). 

Forecasts    of   endogenous    variables,    of   course,       are    ciost 
oiten    based  ou,         or    derived    from  forecasts      of    exogenous 
variables.         In   the    present    model,      exogenous   variables    are 
forecasted   to    change    at    (1)     their   mean    rate    of    the    last    five 
y-^ars    ot    the  data    period    (moderate   growth),     (2)       twenty-five 
percent   above    mean     (rapid      growth)  ,      and    (3)       twenty-five 
percent   below    mean     (slow   growth).         One   exogenous    variabl    , 
cost    of   capital    (interest   rate),         is    adjusted    downward    to 
reflect   its  current      trend.         No   adjustments   are      made    to 
parameters,         intercepts  or      errors    terms      as   these      are 
unwarranted   by    prevailing   information. 

Forecasts    of      the    endogenous    variables    from      the    three 
growtn.    scenarios   of   tae      exogenous   variables,      depicted   in 


216 
Figures   7,1    through    7,16,      are      reflections    of   the   reduced 
forms    expressed   in    equation    7,4,         This   equation    shows   that 
the   forecasts    reflect      the   economic    theory   embedded      in    the 
structural   parameters,      r    ,     IT i    andlh.  Some   additional 

information   on    econometric   forecasts      is   also   revealed   from 
this   equation.         The   endogenous      variables   are   conditional 
upon    predicted   values   of      future    exogenous   variables,      the 
coefficient   matrices,    and   current   endogenous    variables.         To 
see   this,         consider   a      one    period      forecast   horizon      as 
reflected    in   equation    7,6   below. 

(7.6)        Yt+1     =    Ytg1+       £t+1g2 

This   equation    is   a    rewrite      of    equation    7.4    where     y  is 

predicted    Y,     X     ,  is   predicted    X,,     3i   and      82     are      the 

previously      estimated   coefficient      matrices.         Cnce      the 
exogenous   variables  are    known,    a    subsequent    ex-post    forecast 
can    be    made   and   compared    with   the   ex-ante   forecast.         These 
aspects    of      econometric   forecasting,         notes    Intriligator 
(1981),    set    it    apart    from   other    methods   of   forecasting. 
Structurai_Equatiqns_For e casts 

All  forecasts  reflect  a  declining  prime  interest  rate, 
rather  than  a  soaring  rate  reflective  of  the  1976-81  period. 
Though  the  current  market  rate  is  1 1  percent,  a  significant 
decline  from  the  10.0  percent  of  1981,  it  is  assumed  here 
that  this  rate  will  be  reached  near  the  end  of  the  forecast 
horizon,  1990.  This  should  not  be  a  gross  distortion  as  the 
current    rate   is   likely    to      show    upward    and    downward    movement 


217 

during   this     h  ori  zon--perhaps   averaging   that      predicted    for 
the   midpoint   o±    the   horizon. 

A    glance   at   tie    forecasts   for   processed    plants    (NPP)       in 
Figure    7.1      shows    that      plants    will      differ    significantly 
depending    on      the    prevailing    scenario.         Higher      rates    of 
growtn   of      exogenous    variables   lead      to   greater      losses   of 
plants,         although    only    three    growth   scenarios   are    reflected 
here,       it   should    be    obvious    that   changes   between   a    plus   and 
minus      twsnty-five    percent      of    the      mean      rate   are      also 
inferable   though    not   depicted. 

Forecasts    of   NPP    are    influenced    significantly    by    minimum 
efficient   size    of    plants    (MS).         As   HS   increases,      allowing 
for      tne    same      production   in      fewer      plants   or      greater 
production    in      tae    same    plants,         a    decline    in      NFP    seems 
logical.         As    noted    earlier,    an    increase   of    1,000    pounds   per 
hour    in    processing    capacity    leads      to   a    long-term    decline    of 
1.56    plants.         Assumiug    MS    together    with   the    other   exogenous 
variables    changes    at    its   mean      rate    throughout    the    forecast 
horizon,      approximately      56    plants      would    be      processing 
potatoes   in    1990.       This   represents   a    less   of    174    plants   from 
the    1981    total    of    221.         Though    significant,      it    should    te 
emphasized   that    the    loss   lor      the   comparable    1971-80    period 
was    144   plants.       *itn    slower    growth    rates   as   occurred    during 
the    host      recent   recession    and      the   possibility      of    other 
recessions   emanating   from      persistent    deficits,      forecasts 
along    the    slow   growth    path    may   be   more   characteristic   of    the 
ruture.         Under   this   scenario,    roughly    90    processing    plants 
will   exist   in    1990. 
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Figure  7.2  reveals  that  concentration  among  the  top  four 
potato  processors  is  expected  to   increase  but  it  will  show 
little  variations  among  the  growth  scenarios.   Concentration 
is  forecasted  for  1990   to  be  in  the  range  of   75.3  to  77.1 
percent.    As  a  measure  of  change,  both  predicted  and  actual 
concentration  in  1981  amounted  to   71  percent.    Though  no 
exogenous  variable   has  a   dominant  multiplier   effect  on 
concentration,   it  io   significant  to  note  that   a  1  unit 
sustained  increased   in  geographic   dispersion  of   potato 
production  (GD)   would  cause  future  concentration  among  the 
top  four  potato  processors  to  fall  by  .07  percent.   Since  GD 
declined  consistently  during  the   data  period,   this  would 
suggest   that   this   variable   aided   the   growth   of 
concentration.    Indeed  all  but  four  of  the  twenty  exogenous 
variables  have  positive  impacts  on  C3P. 

Just  as   concentration  exhibits  only  slight  variations 
under  alternative  growth  scenarios,  price  cost  margins  (PC*-1) 
show  a   similar  but  downward   pattern  of   movement.    As 
depicted  in  Figure  7. 3,   forecasts   for  PCM  show  a  decline 
from  its  predicted   1981  value  of  $4.03  to  a   low  of  $2.72 
under  the  high-growth  scenario  and  a  high  of  $3.08  under  the 
slow-growth  scenario.     It  may  also   be  noted   that  the 
predicted  1981   value  from  which   the  forecasts   are  based 
differs  considerably  from  actual  PCM.    If,  for  example,  the 
predicted  198  1  value  is  off  by  one  period,   then  the  decline 
in  PCM,  magnitude  as  opposed  to  rate,   is  likely  to  be  less 
than  those  projected  for  the  forecast  horizon. 
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Multipliers  for      PCM    reveal      at    least      one    interesting 
phenomenon.         Increases   in   last    food   sales    (FF) ,    reflecting 
increases   in      consumption   of    processed    potatoes,         have    a 
positive   long-term   effect  on   CHE,      but    a   negative    effect    on 
PCM.      Indeed  a    1    percent    sustained   increase    in   FF    leads   to   a 
,007    percent   increase      in  CEP,      but    a    ,002      cents    per    cwt 
decline   in    PCM.         This    suggests    that    increased   concentration 
among    potato   processors      has    not    led    to      increased    margins. 
In    fact,      rising      CR?    may   have    had   a      dampening   effect   on 
margins.         This  analogy      is    not    limited    to      lust    FF,       cut 
applies    to    total    away-f  root-  home    fcod    sales    (TF)    as    well. 

Another  contrasting      multiplier   is      that    for      cost    of 
capitax    (CK).         A    sustained    increase    of      1    unit   in   CK    will 
cause   future  CRP   to  increase   by   .20   percent,      but    will   cause 
PCM   to   fall    by    .05    cents      per   cwt.         Suggested    here    is    the 
fact    that    larger      iirms    will    likely    supply      markets    gained 
from   smaller   firms    at    no   increased   cost.         That   is,    markets 
held   by      smaller   firms      exiting    the      industry   because      of 
increased   CK   are  served   by    larger   firms  at    the    same   or    lower 
prices. 

Forecasts    in      Fijure    7.  U    reveal    tiiat      advertising    sales 
ratio    (ASH)       are    projected    to      lie    within   a    narrow    interval 
for    the   three   iicouarios.      Note    that    the    predicted    1981    value 
eguals    its   actual      value.         This    fact    should      enhance    the 
expected    accuracy    of    the     forecasts.         Irrespective   of    the 
growth    rate   of    exogenous    variables,       ASE   is    forecasted    to    be 
1.3   percent   in    1990.         This    is   an  increase    of   3    percent   from 
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the  1981  predicted  and  actual  value  of  1.2.    It  should  not 
be  inierred  from  these  forecasts  that  only  nominal  increases 
will   occur  in   advertising   expenditures  for   processed 
potatoes.    Indeed  total  advertising  expenditures  increased 
from  $27  million  in  1980  to  $37  million  in  1981,  an  increase 
of  37  percent.   Yet  ASR  increased  only  .2  percent  because  of 
concurrent  increases  in  sales, 

With  ASR  forecasted  to  increase   at  nominal  rates,   no 
dominant  multiplier  could  have   been  anticipated.    As  the 
price  ot  potato  substitutes  (PS)   increases,   ASR  declines. 
This  suggests   that  potato  processors  have   fewer  economic 
incentives  to  advertise  when  PS   is  rising  because  there  are 
built-in  incentives  for  increased  consumption  of  processed 
potato.    These   factors  are   reflected  in   the  long-run 
multiplier  for  PS  of  -.0002. 

As  depicted  in  figure  7.5,   negative  changes  in  CCA  are 
forecasted  throughout  ti    norizon,     This  though   is 
reflective   of  the   underlying   linear   model  and   some 
peculiarities  pertaining  to  the   measurement  of  CCA.    That 
is,  by  definition  CCA  will  become  increasingly  smaller  under 
constant  additions   to  total   capacity.    These   smaller 
changes,   while   reflected  as  negative  changes  during  the 
forecast  horizon,    are  appropriately  declining   rates  of 
positive  change.    Given  the   discrepancy  between  the  1981 
predicted  and  actual  values,   it  seems  safe  to  conclude  that 
the  actual  magnitude   of  decline  v*ill  be  considerably  less 
than  that  forecasted. 
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Examining    the    multipliers   foe  CCA,      a    sustained    increase 
of    1      percent    in   CK   causes      future   CCA   to   decline      by    .  00r 
percent.         Given   the    present    downward    trend    in   CK,    which    is 
reflected   in   thesa    forecasts,       potato    processors   are    likely 
to   be    more    inclined    to   expand      CCA   in    response   to   rising   UZP 
than    during   previous    periods    of    soaring  CK.         Technological 
change    (IE)    also   has   a    significant,   multiplier   effect   on   CCA. 
Future    CCA   will   change   by    .0002    percent   for    each    one    unit    of 
sustained    increase    in    TB.       Technological    changes,    of   course, 
will    be   accompanied   by    changes   in   other   exogenous    variables. 
Ultimate   changes      in   CCA      w  ill    therefore      depend    en      the 
influence    of      variables    with      both   negative      and    positive 
impacts. 

Figure    7.6    illustrates    that    the      forecasts    for    OCA    show 
considerable   variation    among    growth    scenarios.      By    1990,    UCA 
will    reach    77    percent    under      the    slow-growth   scenario,      78 
percent    under    the    sicderate-growth   scenario,       and    80    percent 
under    the      rapid-growth   scenario.         Given    the      1981    actual 
value    of    70    percent,      the   effects  of    the    exogenous    variables 
in    increasing    UCA    should    te    guite   apparent.         It    may   also    be 
noted    that   all      long-term   multipliers    for    UCA      have    impacts 
opposite   of   those   for   CCA.       Thus,    as  CCA    is    retarded,    UCA    is 
expanded,    and    vice    versa. 

The    long-term    multiplier      for  CK    shows   a      .005    percent 
increase    in    UCA   for    each    unit      of   sustained    increase    in   CK. 
A    somewhat   ambiguous   result    is      the    negative    multiplier    for 
PS.         What      is    suggested      here   is      the    fact      that    potato 
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production  at  both  tae  farm  and  wholesale  levels  declines  as 
farm   producers   switcu   from   potatoes   to   substitute 
commodities.    It  increases  in  PS  caused  commodity  switching 
only  at  the  retail  level,   the  expected  multiplier  effect  of 
PS  on  UCA  would  be  positive. 

To  recapitulate,    forecasts  for   the  six   structural 
equations  exhibit  patterns  of  change  that  characterize  those 
of  the  data  period.    While  the   precise  rate  of  change  of 
exogenous  variables  cannot  be  determined,  forecasts  from  the 
three  growth  scenarios  should   provide  realistic  boundaries 
of  future   changes.    Thus,   planners  or  policy  makers, 
especially  those  associated  with   the  potato  industry,   may 
view  these  forecasts  as  growth   patterns  which  evolve  in  the 
absence  of   endogenous  policies  to   effectuate  alternative 
changes. 
Market  Equilibrium  Equation s  Forecasts 

Forecasts  for  the  market   equilibrium  equations,   as  a 
general  rule,   are  probably  less  accurate  than  those  for  the 
structural  equations   because  of  greater  fluctuations  from 
period  to   period.    This  is  especially  true  for   the 
productioa  and  several  price  equations.    As  the  two  demand 
and  two  processed-price  equations   follow  relatively  smooth 
patterns,   forecasts  for  these   variables  are  probably  more 
accurate  than  for  other  market  equilibrium  variables. 

As  can  be  seen  in   Figure  7.7,   potato  production  (QRP) 
shows  almost  identical  forecasts  under  all  scenarios.    One 
factor  causing   this  is  the   limited  number   of  exogenous 
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variables   impacting   QBP.      QRP   is    estimated    in    its   structural 
form    as   a   function    of    only    predetermined    variables.         Hence, 
only      th?se   predetermined      variables   impact        QRP   in      its 
reduced   and   final   forms.         During   the    forecast    horizon,    QBP 
increases    from    137.4      pounds    per   capita    to      143.5   and    145.3 
pounds      under      the      rapid  and      slow      growth      scenarios 
respectively.         These   smooth    change    patterns   are    unlikely    to 
prevail   given    the    erratic   patterns   of    the   past. 

The    long-term    multiplier   for   PS      shews    that   each    $1    per 
cwt    increase   in  PS    effects  a      30    pounds   per    capita    increase 
in    QRP.       Dy   contrast,    a   sustained   increase    of    1    unit   in    risk 
(?.S)    causes   future    QRP    to   decline    .2    pounds    per   capita.       The 
long-term    multiplier   effect    of      technological   change    results 
in    an    increase    in    QRP    of      .  44   pounds.         The    related    impact 
multiplier  for   PS    generates   an    increase      of    2  1    pounds    in    QRP 
for   eacn   unit    of    increase   in    PS.         Large   differences   in    the 
long   and    short    term    multipliers      for    PS   suggest   a    carryover 
effect   from  period    to   period. 

Although   QRP      shows    little    variation      under    alternative 
scenarios.      Figure    7.8   shows    that    UZF    is   forecasted    to   range 
from   34      to  38      pounds   per   capita      in    1990.  The    lower 

consumption   rate,    of   course,      emanates   from    the    rapid    growth 
scenario.  Indeed    growth      ot    all      but   three      exogenous 

variables   serve      to   diminish      OZF.         Notable      among    these 
exogenous   variables  is   fast-food    sales    (FF) .         The    long-term 
multiplier   shows   that    UZP   increases    .18    pounds   for   each    1 
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percent  increase  in  FF.  The  corresponding  impact  multiplier 
is    .17,    suggesting    that    the    effects    of   FF   are    immediate. 

A    $1      per    cwt      increase    in    PS      leads    to      a    long-term 
increase    in   OZF   of    3    pounds      per   capita.         A    1.2    pounds    p 
capita    increase    is    realized    from      the    impact    multiplier    for 
PS.         Long   and    snort   term   multipliers   fcr   women   in    the    labor 
force    (WN),    by   contrast,    are   nearly    identical,       .43    and    .42 
respectively.         Comparison      of   the      long    and      short-term 
multipliers  for  these    two     exogenous   variables   suggests   that 
price   effects    are    passed    through      the    system    more    gradually 
than   other      exogenous   effects.  This   becomes      even    more 

evident  as  the  long  and  short-term  multipliers  for  such 
variables  as  income,  population,  and  tota 1-away-f romhome 
food   sales   are   compared. 

Figure  7.9  depicts  forecasts  for  DZF  which  range  in  1990 
from  87.1  to  90.8  pcunds  per  capita.  These  levels  represent 
increases  over  1981  predicted  and  actual  levels  of  16  to  21 
perceut.  Much  of  this  growth  will  stem  from  changes  in 
income  (IN) ,  population  (FN) ,  fast  food  sales  (FF)  and  women 
in  the  labor  force  (IH).  Sizeable  long-terra  multipliers  are 
associated   with   each    of    these    variables. 

Tne    long-tern    muxiplier      for    IN    shows   that      a   sustained 
$1000    re.il    per      capita    increase    leads    to     future    per   capita 
increases    in    UZP      of   6.8    pounds.         An   increase    in      PN   of    1 
million    persons  generates   a    long-term   increase   in    UZP    of    .  1 1 
pounds.       By   comparison,    a    1    percent   permanent    increase    in    WN 
leads    to    future      increases   in    UZF  of    . 17      pounds.         At    the 
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1980-8  1    growth    rate    of    the    labor    force,    a    1    percent    increase 
in    HN   amounts    to   a    net   addition      of    2,5   million   women    to    the 
labor    force.         Fast-food   sales   has      a    long-term   effect    of    a 
,17    pounds      increase    in      UZP   for      a    1       percent   increase. 
Translated   into   dollars,      a    1    percent   increase   in    FF   at    the 
1980-81    jrowth    rate      amounts   to   roughly    £1      million    in    real 
away    troa    home    food   sales.         In    addition    to    these    muliplier 
efxects,      the   accuracy   of   these    forecasts   should    be    greatly 
enhanced   by      nearly    identical      1581    predicted      and    actual 
values. 

As   setic    in    Figure    7.10,       forecasts   for    the   farm    price    of 
potatoes    (FPU)         are   nearly      identical    under      all   growth 
scenarios.         This    lack    of   variation    in    the   forecasts   is   due 
to   the    limited    numner    of      exogenous    variables   impacting    FPE. 
Unlike   some      of   the   other      endogenous    variables      which    are 
greatiy    influenced      by   exogenous     factors,       FFfi      responds 
primarily   to   production.         As    shown    in   Figure   7.17,    there   is 
an      inverse   and      highly      correlated   relationship      between 
caanjcs    in      QRP   and      FPE.         With      QSP    being      endogenous, 
forecasts    tor    FPB   are   somewhat   inaccurate. 

Unlike    FPS    which      is    impacted   by    only      three   exogenous 
variables,    WPP,    depicted   in    Figure    7.11,      is    impacted    by    all 
exogenous   variables.         This    serves   not   only    tc    provide    seme 
differentials    in      the    forecasts    but      also   to      enhance    t h z 
accuracy   of   them.         By    1990,    WPP    is   forecasted    to    range    from 
$5,09    to   $5.40    per   cwt.         This    represents  a    significant    drop 
iroa    the    1981    predicted    and    actual    values   of    $6,52   and    £6.71 
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respectively.    again   it  is   emphasized  that   prices  are 
uuilated  and  therefore  expressed  as  real  prices. 

Ine  multipliers  show  that  the  long-tern  impact  of  a  £1 
per  cwt  increase  in  PS  is  a  $1.03  increase  in  WPP.  RFP,  by 
contrast,  increases  (  1.78  for  each  $1  increase  in  PS.  This 
suggests  that  price  increases  at  the  wholesale  level  lead  to 
even  higuer  prices  at  the  retail  level.  These  multipliers, 
as  compared  to  the  impact  multipliers,  are  indeed  large. 
Impact  multipliers  tor  a  +  1  increase  in  PS  are  $.39  and  $.67 
increases  in  WPP  and  RPP  respectively. 

Given  the  erratic  fluctuations  in  RPF  depicted  in  Figure 
7.12  together  with  the  high  correlation  of  EFF  and  QHP  shown 
in  Figure  7.18,  it  ma  y  be  hypothesized  that  forecasts  of  RPF 
based  solely   on  exogenous   variables  are   likely  to   be 
somewhat  inaccurate.    That  is,   the  reduced  form  for  RPF, 
although   good   for  predicting,    performs   poorly   on 
forecasting.    However,    assuming  smooth  and   only  small 
changes  in  production  over  the  forecast  horizon,   EPF  may  be 
expected  to  lie  within  the  range  of  forecasts,   particularly 
since  the  1981  predicted  and  actual  values  are  identical. 

Unlike  EPF   which  is  poorly   predicted  by   its  reduced 
form,  EPP  is   more  satisfactorily  predicted.   Forecasts  from 
the  reduced  form  for  RPP,   however,   are  only  marginally 
dirferent  for  all  scenarios.    Suggested   here  is  the  fact 
that  processed  potato  prices  are   expected  to  remain  fairly 
stable  irrespective  of  changes  in  exogenous  factors.    This 
stability  is  reflected  in  Figure  7.13. 
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.•'iultipliars  for  RPP  show  that   ouly  PS  has  a  substantial 
effect  on  processed  prices.   This  effect  was  noted  above.   A 
1  percent  increase  iu  dispersion   of  potato  production  (GD) 
leaus  to   a  long-term  increase   of  $.04  increase   in  EPP. 
Assumiug   processing   plants  are   located   to   minimize 
transportation   cost,    this  suggests   that   production 
efficiencies  decline   as  the   number  of   plants  increases. 
Alternatively,  assuming  a  fixed  number  of  plants,  production 
efficiency  may  decline  because  of  less  efficient  procurement 
practices  associated  with  rising  dispersion  of  production. 

Forecasts  for  spread   of  retail  and  farm   prices  (SFfi)  , 
depicted  in  Figure  7.14,  are  subject  to  the  same  limitations 
ascribed  to  iPF  and  FPB.    In  its  structural  form,   SFE  is 
estimated  rrom  a  variable,  marketing  cost  (MC),   which  shows 
little  fluctuation;   large  fluctuations  in  SPB  are  therefore 
not  explained.    Forecasts   from  the  reduced  form   of  SP° 
approach  a  reasonable  degree  of   accuracy  only  to  the  extent 
that  iluctuations   in  SPE  smooth   out  during   the  forecast 
horizon.    Given  the  correlation   of  prices  and  production, 
and  the  dependency  cf  production  on  weather,   it  is  unlikely 
that  fluctuations  will  not  persist. 

Another  endogenous   variable  which  is   only  marginally 
impacted  by  exogenous  ractors  is  RPT.     As  can  be  seen  in 
Figur-  7.15,    forecasts  from  all  growth  scenarios  yield 
nearly  identical   values.    This  lack  of  differentials  in 
forecasts  stems  from  relatively  small  multiplier  effects  for 
all  exogenous  variaLles.    Indeed,   in  its  structural  form, 
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SPT  changes  only  in  response  to  endogenous  factors.   Despite 
the  lack  of  a  if ferentials  among   the  forecasts,   future  RPT 
will  probably  approximate  these  changes   in  the  absence  of  a 
change  in  the  tax  rate. 

Lastly,  as  seen  in  Figure  7.16,  forecasts  for  DZO  are  of 
questionable  accuracy   because  of   large  period   to  period 
fluctuations   and   sizeable   discrepanies   between   1981 
predicted  and  actual  values.    Additionally,   since  UZO  is 
estimated  in  its   structural  form  as  the  residual  cf  total 
utilization,  accurate  forecasts  for  UZO  depend  on  the  extent 
to  which  OZF  and  UZf  are  accurately  predicted. 

In   summary,   most   forecasts   are  believed  to   be 
characteristic  of   the  changes  which   will  evolve   for  the 
potato  industry  for  the  next  decade.    Endogenous  variables 
whicn  exhibited   larje  fluctuations  during  the   data  period 
are  likely  to  be  less  accurately  forecasted.    Forecasts  for 
variables  of  great  significance  and   interest  to  the  potato 
industry,   such  as  demand  for  fresh  and  processed  potatoes, 
are  believed  to  characterize  the  boundaries  of  change  during 
the  forecast  horizon.    The  potato  industry  though  can  serve 
as  a  catalyst  in  accelerating  the  depicted  rates  of  changes. 


CHA4TEB  VIII 
IMPLICATIONS  OF  MODEI 


let ro duct ion 

As  captured  by  the  data  span  of  this  study,   the  potato 
industry   during  the   past   two   decades  has   been   in 
considerable  transition.    Although  many  factors  have  served 
to  alter   the  structure   of  the   industry,   an   issue  of 
paramount  concern  tc   firms  comprising  the  industry   is  the 
identification  of   those  factors   which  most   likely  will 
continue  to  propel  the  industry  forward.    To  this  end,  this 
chapter  will  discuss  and  depict  the  effects   that  selected 
exogenous  variables   are  likely  tc   have  en  growth   of  the 
potato  industry. 

The  approach  used  in  this  chapter  is  a  "what  if"  type  of 
analysis.    For  example,   what   if  fast-food  expenditures 
maintain  or  exceed  its  most   recent  rates  of  growth?    How 
will  such  changes  impact,  for  example,   consumption  of  fresh 
and  processed   potatoes?    This  policy  evaluation   type  of 
analysis  is  known  as  policy  simulation.    Alternative  policy 
evaluation  approaches  are  discussed,    but  these  are  deemed 
inapplicable  to  this  study. 

Policy  Evaluation 

Three  approaches   to  policy  evaluation   using  estimated 
econometric  models  have  been  developed  by  economists.   These 
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approaches  include  (1)   instruments- targets,   (2)   social- 
welfare   function  and   (3)    simulation  (Klein,    1971; 
Intriligator,  1978;  Naylor,  1971).    All  of  these  approaches 
have   been  used   at  various   times   to  evaluate   policy 
alternatives.    The  present  study,  however,   is  limited  to 
simulation  because,  as  discussed  below,  use  of  the  first  two 
approaches  requires  information  not   readily  available  with 
the  models  as  estimated. 

The  instruments-targets   approach  to  policy  evaluation 
was  developed  by  Tinberger.  (1956)   and  it  appears  to  be  most 
useful   in  an  economic   development   planning   context 
(Intriligator,  1978).   Essentially  the  approach  requires  the 
setting  of  specific  targets  for  each  endogenous  variable  and 
then  determining  instruments  (exogenous  policy  variables)  to 
accomplish  the  targets,    In  essence,   typical  econometric 
estimating  procedures  are  reversed   as  endogenous  variables 
are  fixed  and  values  for  instruments  are  obtained  from  the 
solution  (Klein,  1971). 

Ihe  instruments- targets  approach  is   inapplicable  to  the 
present   study   because  neither   specific   targets   nor 
preferable  instruments  are  hypothesized.    Moreover,   it  is 
unlikely  tnat   firms  comprising  the  potato   industry  could 
delineate  targets   and  instruments.     Intriligator  (1978) 
contends  that  even  if  firms   or  policymakers  could  delineate 
targets,   there  are  likely  to   be  tradeoffs  among  them  that 
are  not   allowed  for  with  this   approach.    Additionally, 
delineated  targets  are  not  achievable   unless  the  number  of 
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available   instruments  equals   cr  exceeds   the  number   of 
targets.     These  limitations   make   this  approach   both 
inapplicable  and  impractical  lor  the  present  study. 

The  social   weliari  function  is  an   alternative  policy 
evaluation  approach  which  relaxes  the  setting  of  targets  for 
endogenous  variables,    but  adds  an  elusive   and  abstract 
welfare  function  (Naylor,  1971).    Using  the  aforementioned 
nomenclature,   this  approach  involves   the  determination  of 
targets  and   instruments  which   will  aaxiiize   a  specified 
welfare  function   subject  to   constraints  imposed   by  the 
econometric  model.     Intri li gator  (1978)    contends  that 
policymakers  not  only  cannot  identify  the  parameters   of  a 
welfare  function,   but  cannot   identify  even  its  functional 
form.    Such   limitations  obviously   make  this   approach 
infeasible  for  the  present  study. 

The  only   economic  policy   evaluation  approach   which 
utilizes   an  estimated   econometric   model   is  that   of 
simulation.    This  approach  is  quite  useful  and  appropriate 
for  tnis  study  because  it  requires  the  researcher  to  neither 
ascertain  nor  elicit  apriori   information  from  policymakers. 
In  fact,   simulation  may  be   used  to  shew  policymakers  the 
consequences  of   policies  which   are  being   considered  for 
enactment.    That  is,  it  provides  policymakers  with  the  +:ype 
of  information   which  they  are   most  likely  to  require  in 
order  to  make  decisions  (Naylor,  1971). 

As  alluded  to  earlier,   policy  variables  in  the  present 
study  are  not  typical  policy   variables  in  that  they  cannot 
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be   easily   manipulated   or   controlled.     Fast-food 
expenditures,   for  example,   cannot  be  influenced  by  firms 
comprising  the  potato  industry  as  readily  as  say  the  Federal 
Reserve  can  influence   the  market  rate  of   interest.    The 
potato  industry,  however,  has  an  unrelenting  interest  in  the 
impact  of  changes  in   fast- food  expenditures  since  potatoes 
comprise  a  large  percentage   of  these  expenditures.    Thus, 
these  simulations  are  of  interest  to  policymakers  associated 
with  the  potato  industry  in   that  consequences  of  changes  in 
selected  variables  are  evaluated  and  depicted.   It  should  be 
emphasized  that  some  of  the  policy  variables  discussed  here, 
such  as  advertising  and  size  of  plant,  are  indeed  controlled 
by  policymakers;   others,  such  as  fast  food  expenditures  and 
non-fast-food  expenditures,   can  be   greatly  influenced  by 
them. 

As  used  in  this  study,   policy  simulation  refers  to  the 
determination  of   values  of   the  endogenous   variables  for 
alternatively  assumed  sets  of  values  of  the  policy  variables 
(Intriliyator,   1978).    That  is,   behavior  of  a  system  is 
determined  as  values  of   endogenous  variables  are  calculated 
from  an  estimated  model  of  tee  system  (Intriligator,   1978). 
The  estimated  model  for  tnese   simulations  is  that  shown  in 
equation  7.2  and  reproduced  jjelow  as  equation  8.1. 

(8.1)   Yt  =   Xt  3  +  Ut 

In  estimating  this  equation,   all  exogenous  variables  except 
the  one  bsinj  simulated  are  held   at  their  actual  values  for 
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1981,  the  last  year  of  ttie  data  span.   To  better  reflect  the 
impacts  ox  policy  variables  on  the  potato  industry,   it  may 
be  noted  that  lagged  endogenous   variables  are  also  held  to 
their  1981  values.   Allowing  the  system  to  determine  initial 
lagged   values  and   then  using   their   values  in   future 
estimates  is  tantamount  to  measuring   effects  from  more  than 
one  factor. 

Eight  policy  variables  are   simulated  and  their  effects 
on  eight   endogenous  variables  are  evaluated   and  depicted. 
Each  variable  is   simulated  through  1990,   but   values  are 
normalized  to  one   with  1981  serving  as   the  base.    This 
normalization  allows   for  a   comparison  of   effects  among 
endogenous  variables  as  it   negates  scale  effects.    Three 
I  rels  of   simulations  are  performed:    each   variable  is 
simulated  at  (1)  its  1976-8   wt=an  rate  of  change;   (2)   a  3 
percent  rate  of  change;   and  (3)  a  6  percent  rate  of  change. 
The  mean  chauge  of  most  policy  variables,   as  shown  in  Table 
8.1,   is   less  than  3   percent.    Larger  effects   on  the 
endogenous  variables  should  thererore   to  realized  as  policv 
simulations  progress  from  mean  caanges  to  6  percent  changes. 

Policy _Siq'ulation  Besults 

Suamary  measures  of  the  impacts  of  each  policy  variable 
on  all  endogenous  variables  are  provided  in  Tables  8.1,  8.2 
and  8.3.  Results  in  Table  8.1  reflect  the  mean  changes  and 
should  be  read  down  the  columns  whereas  those  in  Tables  8.2 
and  8.3  can  be  read  down  the  columns  and  across  the  rows. 
As  an  exaaple,  the  second  column  of  Table  8.1  delineates  the 
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iwi-dcts  OI  a  2.5  percent   increase  (the  mean   value)   in 
advertising  on  specified  endogenous  variables,   whereas  the 
third  column  shows  the  effects  of   a  4.6  percent  increase  in 
fast-food  expenditures  on  these  same  variables.    All  policy 
variables  shown   in  Table  8.2  change   at  a  3   percent  rate 
whereas  those   in  Table  8,3  change   at  a  6   percent  rate. 
These  identical   changes  make  comparisons   meaningful  both 
down  the  columns  and  across  the  rows.    Note  that  all  other 
variable  values   can  be  ignored   since  these   effects  are 
cancelled  out  with  the  indexing  to  1981. 

Rhile  summaries   of  policy  simulations  are   provided  in 
the  tables,   growth  paths   of  several  endogenous  variables 
emanating  from  changes  of  policy  variables  also  are  depicted 
in  the  figures.    Beth  the   endogenous  and  policy  variables 
reflected  in  each  figure  are  carefully  labeled  to  facilitate 
an  understaniir g   of  tnem.    Each  endogenous   variable  is 
depicted  on  the  vcrtiJdl  axis   while  each  policy  variable  is 
shown  on  the  horizontal  axis. 

Assuming  a  continuation   of  the  mean  changes   of  policy 
variables   as  shown   in  Table   8.1,    it  follows   that 
transportation  cost  (CT)   will  have   the  greatest  impact  on 
all  endogenous  variables  except   consumption  cf  rresh  (OZF) 
and  processed  (U'ZP)  potatoes.    This,  of  course,  should  have 
been  expected  ghven  the  sizeable   mean  change  in  CT  relative 
to  tne  other  policy  variables.    However,   when  all  policy 
variables  are  simulated  at  comparable  rates,  3  percent  and  6 
percent,   CT  continues   to  have  the  largest   impact  on  the 
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aforementioned   endogenous  variables,      save   advertising    sales 
ratio    (AS?)  .         Kith   respect    to   AS?,    population    (PN)     has    the 
dominant   effect  and    it   also    has    the    dominant    effect   on    fresh 
and   processed    potatoes.         Policy    simulations    en   mean   changes 
in   Ta^ls    8.1       show    that    fast-food   expenditures       (EF)       and 
lagged   advertising      sales   ratio     (ASRL)       have      the    dominant 
effects    on   fresh  and    processed    potatoes   respectively. 

.iile   CT      nas    tue    largest      relative    impact      on    several 
endogenous   variables,        its   most   dramatic   effect    is    on    NPP. 
Given    the      observed   changes      in   transportation     cost   since 
1S81,       the    3      percent   changes    reflected    in      Table    8.2    and 
Figure    8.  1    should    mest   closely      characterize    the    future    rate 
of   change   of  C?  and    therefore      its   resulting    impact   on    NPP. 
The    future   effect      en    NPP  from    HS   is      best    characterized    ty 
those    shown    in   Tables    8.1   or    8.3   and    depicted    in   Figure    8.2. 
In   Table   8.1      the    mean  change   of      potato   advertising   is 
2.5      percent.  Advertising   expenditures      en      potatoes 

subsequent    to    the    data    span       would   suggest    increases    in   this 
mean.         As      an    example,       throuyh      increased    advertising, 
processors   of    frozen      potatoes   have   diminished    the      pool   of 
non-consuming    households    cf    frozen      potatoes  from    50    percent 
in    1977    to      40    percent   in    1981,      a    decline      of    20    percent 
(Corddry,    1977;      Kluth,    1981).         Projecting    this    increasing 
trend    into    the   future,      taoso   changes    reflected   in   Table    8.2 
and  Figure   8,3    are    likely   to   characterize   the    future    effects 
of    advertising    on    processed    potatoes. 
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Figure  8.1.     Simulated  Effect  of  Transportation  Cost  on 
Potato  Processing  Plants 
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Figure  8.2.     Simulated  Effect  of  Minimum  Efficient  Plant  Size 
on  Potato  Processing  Plants 
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POLICY  ANALSIS  FOR  POTATOES 

SIMULATION  FROM  1981-1990 

SIMULATED  CHANGE  OF  ASFiL  IS  3.0  PERCENT 
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Figure  8.3.  Simulated  Effect  of  Advertising  Sales  Patio  on 
Consumption  of  Processed  Potatoes 


242 
Although      advertising   of      processed      potatoes    has      a 
tremendous     demand-enhancing      impact   on      consumption      of 
processed   potatoes,         it   has    only   a      small    demand-reduciny 
impact   on   consumption      of   fresh    potatoes,         ASRL      has   its 
second    largest   impact   on    price-cost-margins     (PCM).       The    time 
path   of    change    in    PCM   emanating    from    a    2. 5    percent    change    in 
ASRL    is   depicted   in   Figure      8.4.         Although    net   depicted    in 
figures,    Tables  8,1 — 8.3      show    that      ASPL  also      has    price- 
reducing    impacts   on    waolesale    (WPP)     and    retail    (RPP)       prices 
of    processed    potatoes,         though    the   impacts    are      less    than 
those    on    PCM. 

*hile      total-food    expenditures      (TF)       and      fast-food 
expenditures    (FF)     are    included    in   the    structural    form   of    the 
aiodel,      an      intriguing    phenomenon   is    revealed      in    separate 
simulation   of    fast    food   and      non-fast   food    (NF)  .        That   is, 
the   components   or    II   are      isolated   to    measure   their   separate 
effects.         Revealed   immediately    from    this   isolation    is   a    4.6 
percent    mean  change   in  FF  for    the    1976-81    period   as    compared 
to    a       1.1    percent    mean      change    in    NF,  Jointly,       these 

components   change    at    a   mean    rate   of    2.1    percent.       Simulation 
on   the      mean  changes   of    FF      and    NF,      shown    in      Table    8.  1, 
reveals   that   FF   has   a     significant   demand-reducing  effect   on 
OZF   and      a    sizeable   demand-enhancing      efiect    on      UZP;       fcv 
comparison,    NF    has      only    small    demand-reducing      and    demand- 
enhancing   effects    respectively   on   aZF    and   UZP.      The    paths    of 
change   for   OZF      and    UZP    emanating    from   a    mean      change    of    FF 
are      depicted       respectively      in    Figures      8.5      and      8,6, 
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Figure  8.5.     Simulated  Effect  of  Fast  Food  Consumption  on  Consumption 
of  Fresh  Potatoes 
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Figure  8.6.     Simulated  Effect  of  Fast  Food  Consumption  on  Consumption 
of  Processed  Potatoes 
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Similarly,  Figures  8.7  aiid  8,8  show  the  paths  of  change  for 
UZF  and  UZP  respectively  which  emerge  from  a  mean  change  of 
non  fast- food  (NF) . 

While  all   figures  arc   plotted  against   an  index   to 
facilitate  comparisons  among  variables,    the  underlying 
changes  reflected  in   the  index  of  the   last  four  mentioned 
figures  are  discussed  subseguently.    Implicit  in  Figure  8,5 
is  the  tact  that  a  continual   4,6  percent  change  in  FF  will 
lead  after  nine  years  to  a   2.6  pounds  reduction   in  per 
capita   consumption   of  fresh   potatoes.     Per   capita 
consumption  of  processed  potatoes,    as  reflected  in  Figure 
8.6,   will  increase  by  2.2  pounds  after  nine  years  of  a  4.6 
percent  ciianye  in  FF.    By  contrast,  a  1.  1  percent  increase 
in  NF  will  lead  to  a   reduction  in  per  capita  consumption  of 
UZF  by  only  .09  pounds,   and   only  a  .03  pounds  increase  in 
per  capita  consumption  ot  Ul  P .     These  changes,   shown  in 
Table  C.9,  are  also  interable  from  Figures  8.7  and  8.8, 

While  food   expenditures  at   fast  food   outlets  have 
significant  impacts  on  UZF  and  UZF,   their  effects  on  other 
endogenous  variables  are  only  minimal  by  comparisons.   These 
relative  effects  may  have  been  expected  as,   unlike  UZF  and 
UZP,  other  endogenous  variables  are  only  indirectly  impacted 
by  fast  food  expenditures. 

Growth  of  women  in  the  labor  force  (WR)   has  effects  on 
the  endogenous   variables  similar  to   those  of   fast  food 
expenditures.    That  is,  as  compared  to  UZF  and  UZP,   other 
endogenous  variables  are  only  marginally  impacted   by  WN. 
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Figure  8.7.     Simulated  Effect  of  Non-Fast  Food  Cbnsurrption  on  Consunption 
of  Fresh  Potatoes 
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Figure  8.8.     Simulated  Effect  of  Non-Fast  Food  Food  Consumption 
on  Consumption  of  Processed  Potatoes 
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Table    8.1    shows   that    a   continual      1.6    percent   mean   change    of 
WN    leads   to      a    sizeable    reduction   in    UZF      and   a   significant 
increase   in    UZP.         Translated    into   per    capita   consumption    of 
potatoes,      UZF    alter      nice   years    falls   by      2.5    pounds    per 
capita    while    UZP   increases   by    1.8      pounds    per   capita.         A    3 
percent    increase   in   WN    over      a    nine    year    period,      however, 
causes  a    4.8   pound    per   capita   decline    in    DZF   and    a    3.u    pound 
per    capita    increase    in   UZP.  These    described   changes    are 

depicted   in   Table   C.9    and  Figures   8.9   and    8.10. 

Though   the    mean   change    of      population    (EN)       is    only    1.1 
percent,      Table   0. 1      reveals    that   a    continuation      of    this 
change   would      have    a    significant    demand-reducing      effect    on 
UZF    and    a      sizeable    demand-enhancing    effect    on      UZP.         An 
increase   of   3    percent   in   PN,         shewn   in   Table   8.2,      would 
further   depress   the      demand    tor    UZF    but      enhance    the   demand 
for      UZP.       Because      prevailing    socio-economic      conditions 
probably    would      suggest   luture   changes      in    EN      which   more 
closely    approximate    its    mean    rate      of   change,      Figures    8.11 
and    8.12   depict  changes   emerging      from   this    mean.         As    with 
preceding    policy    variables,    PN   has    marginal    effects    on    other 
endogenous   variables   as      compared   to    that   on      UZF    and    UZP. 
Sevealed   from    Table    8.2,    however,    is    the    fact    that,      of    all 
demand   snifters,    PN    aas    the    greatest    effect    on    ASR. 

As    shown   in      Table    8.1,      the    mean    change      of    real    per 
capita    income       (IN)       for      1976-81    is      only    .1       percent. 
Projecting    this  change    into    the   future   yields    impacts   on    UZF 
nd   UZP    whicii      are    as   inconseguential   as      these   of    non-fast 
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Figure  8.9.     Simulated  Effect  of  Women  in  the  Tabor  Force 
on  Consumption  of  Fresh  Potatoes 
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Figure  8.12.  Simulated  Effect  of  Population  on  Consumption 
of  Processed  Potatoes 
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25  4 
food  expenditures.   A  3  percent  increase  in  IN,  however,  has 

a  adverse  and   larye  impact  en  UZF,   but   a  positive  and 
significant  impact,  on  UZP.   As  a  3  percent  real  growth  of  IN 
is  probable,   Fijures  8.13  and  8.14  depict  the  growth  paths 
or  UZF  and  UiP  which  stem  from  this  change.    In  per  capita 
consumption  figures,   UZF   would  decline  over  a   nine  year 
period  by  4.7  pounds  while  UZP  would  increase  by  5.3  pounds. 
The  comparative  effects  of  IN   on  other  endogenous  variables 
relative  to  those  on  UZF  and  UZP  are  negligible. 

A  continuation  of  the  mean   change  in  minimum  efficient 
plant  size  {'1S)  ,    shown  in  Table  0.1,   would   lead  to  a 
significant  loss  in  NPP  and  sizeable  reductions  in  PCK,  FPP, 
8 PP  and  UZF.   By  contrast,  large  to  moderate  increases  wculd 
be  realized  in  CEP,  UZP,  and  ASP.    In  actual  numbers,  plant 
losses  after   nine  years  would   total  34  while   UZF  would 
decline  by  .65  pounds.    Concentration  and  UZP,  on  the  other 
hand,   would  increase  respectively  by   1.7  percent  and  .95 
pounds.   Changes  in  the  aforementioned  price  and  advertising 
variables,  waile  small  in  absolute  numbers,   are  significant 
relative  to  their  base.    The  growth  paths  of  change  in  the 
endogenous  variables   resulting  from   MS  are  depicted  in 
Figures  8.2  and  8.15  through  8.21. 

A  point  worth  emphasizing  here  is  the  inverse  impacts  of 
KS  on  NPP  and  AS3.    Implicit  here   is  the  fact  that  as  NPP 
declines,   there  is  a  loss  of   smaller  firms  and  a  gain  of 
market  shares  by  larger  firms.    These  larger  firms,  with  a 
higher  propensity  to  advertise  together   with  a  larger  pool 
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Figure  8.13.     Simulated  Effect  of  Income  on  Consumption 
of  Fresh  Potatoes 
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Figure  8.14.     Simulated  Effect  of  Income  on  Consumption  of 
Processed  Potatoes 
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Figure  8.15.  Simulated  Effect  of  Minimum  Efficient  Plant  Size 
on  Concentration 


258 


L . 030- 
L . 009- 


E      0.988 
R 

C 

E      0.987-1 

N 

T 

0.946H 
C 
H 

fl      0.925  -| 
N 
G 

E      0.904- 


R      0.883- 

0 

H 

0.562H 
0 
N 

E      0.341- 


>n- 


POLICY  ANALSIS  FOR  POTATOES 

5IMULRTI0M  1931-1990 

SIMULATED  CHANGE  OF  MS  IS  6.1  PERCENT 


~-~+~- 


-i — i — i — i — i — i — r 


45 


^0 


1  l  '  ' 

55 


-i — i — i — r- 


60 


— t~- — -. 


70 


MS 


Figure  8.16.  Simulated  Effect  of  Minimum  Efficient  Plant  Size 
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Figure  8.17.  Simulated  Effect  of  Minimum  Efficient  Plant  Size 
on  Advertising  Sales  Patio 
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Figure  8.18.     Simulated  Effect  of  Minimum  Efficient  Plant  Size  on 
Consumption  of  Fresh  Potatoes 
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Figure  8.19.  Simulated  Effect  of  Minimum  Efficient  Plant  Size  on 
Consumption  of  Processed  Potatoes 


POLICY  ANALSIS  FOR  POTATOES 

SIMULATION  1951-1390 

SIMULATED  CHANGE  OF  MS  IS  6.1  PERCENT 


262 


1 

030- 

1 

009- 

p 

_ 

E 

0 

98S-j 

R 

- 

c 

- 

E 

0 

9S7-; 

N 

- 

T 

- 

0 

946^ 

C 

- 

H 

- 

A 

o 

925- 

N 

- 

G 

- 

E 

o 

9QU-; 

F 

_ 

R 

n 

883- 

0 

. 

M 

- 

0 

362^ 

0 

- 

N 

- 

E 

n 

341- 

0. 320- 


-I 1 1 1   1   ¥  — 1 1 1 1 1—1 1- 


45 


50 


55 


60 


65 


1  '  '  '  i 
70 


M5 


Figure  8.20.  Simulated  Effect  of  Minimum  Efficient  Plant  Size  on 
Wholesale  Price  of  Processed  Potatoes 
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Figure  8.21.     Simulated  Effect  of  Minimum  Efficient  Plant  Size  on 
Retail  Price  of  Processed  Potatoes 


264 
of  available  resources,  are  therefore  more  prone  to  increase 
advertising  and  thereby   further  enhance  the  level   of  firm 
concentration.    In  addition,   increased  advertising,   as 
previously  seen,    serves  to  enhance  demand   for  processed 
potatoes. 

While  simulation   of  the  mean   change  of  MS   leads  to 
sizeable  changes  in  several  endogenous  variables.   Table  8.2 
shows  that  a  3  percent  change  in  MS  leads  to  greatly  reduced 
changes  in  these  endogenous   variables.    The  relevant 
question,  of  course,   is  which  rate  best  characterize  future 
changes  in  MS?    And  while  this  is  not  known,   it  should  be 
emphasized  that   firms  comprising  the  potato   industry  have 
significant  control  over  this   policy  variable.    Given  the 
level  of  technological  advancement  in  U.S.   industries,   an 
accelerated  change  in   MS  would  seem  more   probable  than  a 
decelerated  change.    Thus,   the  described  changes  in  Table 
8.1  probaoly  uetter  characterize  the  future  effects  of  MS  on 
the  endogenous  variables. 

To  recapitulate,    simulation  on  the  mean   of  several 
policy  variables  seems  to  be  an  appropriate  characterization 
of  future  rates  of  cnauge.   However,  future  changes  in  other 
policy  variables  seem  to  be   either  underestimated  or  over- 
estimated by  their   mean  rates.    Since  future  changes  in 
policy  variables  are  known   only  within  probability  limits, 
provided  here  are   the  impacts  on  the   endogenous  variables 
from  different  rates  of  change  of  policy  variables.   Figures 
are  provided   which  depict   the  growth   paths  of   several 
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endogenous   variables.  Depicted   growth      paths   invariably 

emanate   from    that    rate   of   change    cf    policy    variable    which    is 
perceived    to      represent   the    highest    probability      of   future 
change.         In    other    words,      if    a    3   percent   rate    of   change   is 
more      likely   to      prevail    than      a    6      percent    rate,         the 
accompanying   figures   depict    the    3   percent   rate. 

Conclusion 

Policymakers,  especially  firms  comprising  the  potato 
industry,  can  use  the  simulated  results  along  with  their 
informed  opinions  to  mak<=  rational  policy  decisions. 
Although  iuture  changes  in  the  policy  variables  may  not 
correspond  to  the  three  simulated  rates,  as  a  minimum, 
future  changes  most  likely  will  fall  within  the  range  of 
those   simulated. 

Of    particular      significance    to      firms   comprising      the 
potato   industry   are   the    impacts    their   actions   alone — through 
increased  advertising    and    plant    size,      for    example — can    have 
on    tae    industry.      Other   variables   such    as  fast-food   and    non- 
fast    food   sales      can   be   greatly    influenced      by   these   firms, 
especially   the    potato    components      of    these    sales.         Results 
from    the    simulations   obviously   would   suggest   a    concentration 
of    firms'    effort      on    the    fastfood   market      over    the   non-fast 
food    market.         These    results   also   seem   to   suggest    that    fresh 
potato    producers      should    use   fast-food   establishments      as    a 
marketing    outlet.  In   essence,         the    consequences      of 

alternative   actions   can    be   evaluated    rationally. 


APPENDIX  A 


DISCUSSION  OF  DATA 


APPENDIX  A 


DISCDSSIOH  OF  DATA 


Endogenous  Variables 

Data  used  iu   this  stu  y  were  compiled   from  many  and 
varied  sources.    Net  all  of  these  sources,  as  may  have  been 
expected,   provided  data  on  an  annual  basis  tc  fit  the  model 
construction.    Consequently,    some  interpolations   and 
extropolations  were  necessary.    In  these  instances,  trends 
invariably  existed  from  which   to  establish  missing  values. 
A  discussion  of   the  data  for  each  variable   is  provided  in 
this  section. 

Although  all  variables  are  labeled  and  defined  in  Table 
4.1,   they  are   reproduced  here  in  Table  A.  1   for  ease  of 
reference.    The  number  ot  pctatc  processing  plants  (NPP)  is 
the  sum  of  frozen,  dehydrated  and  chipping  plants.    Annual 
data  on  chipping  plants  for  1960-81  were  taken  from  the  USDA 
Potatoes  and  Swee tpotatoes  series.   The  number  of  frozen  and 
ueiiydrated  plants  were   reported  in  various  scuces   for  the 
years  1961,  1964,  1972,  1978  and  1980  (Appendix  B).   Missing 
values  for  the  years  Letween   data  points  were  derived  using 
a  straight- line   method.    This  method  was   also  extended 
backward  to  1960;   an  assumption   of  no  change  between  1980 
and  1981  was  u^ed  to  derive  1981  values. 
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Table    A.  1  —  Variables   for   Analysis  of    Potato    Industry 

Endogenous    Variables 


NPP  Number   or    processing    plants 

CEP  Concentration   in    potato   processing 

PCM  Price    cost    margins 

ASR  Advertising   sales   ratio 

CCA  Change    in    processing    capacity 

OCA  Utilization    of    processing   capacity 

y&P  Production   of    fresh    potatoes 

UZF  Utilization   of   potatoes   for   fresh  consumption 

UZP  Utilization    of    potatoes   for   processing 

BPP  Retail    price    ot    fresh    potatoes 

RPP  Retail   price    of   pro    essed  potatoes 

foPP  Wholesale   price    of    processed   potatoes 

FPR  Farm   price    o£    fresh    potatoes 

RPT  Research    ana    promotion    tax 

SPR  Spread   between   retail   and   farm   price 

UZG  Utilization   of   other    potatoes 


Exogenous    Variables 


MS  Minimum   efficient    plant    size 

PCKL  Price    cost   margins    lagged 

CT  Transportation    cost 

GD  Geographic   dispersionof    potato   production 

CK  Cost    of   capital 

PS  Price    of    sugar  beets   lagged 

FPRL  Farm    price   of    frtsh    potatoes    lagged 

BC  Marketing   cost 

Tfi  Trend    variable 

RS  nisk 

GC  Produce  sales   through    retail   grocery  stores 

TF  lotal  away-f roin-home    restaurants  food   sales 

FF  Fast-food   sales   as    a   percent   of    total  food 

PN  Population 

IN  In  co  m  e 

WN  Women   iu    labor   force 

GR  Expected    growth 

UZi?L  Utilization   of    potatoes    for   processing    lagged 

, I  PL  Production    of   fresh    potatoes    lagged 

ASRI  Advertising    sales    ratio    lagged 
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Concentration  in  potato  processing  (CBF)  represents  the 
total  share  of  potatoes  controlled  by   the  top  four  firms  in 
frozen  and  potato  chip  production.     Market  shares  held  ty 
the  top  four   chipping  firms  were  taken  from   the  Bureau  of 
the  Census  of  the  U.S.   Department  of  Commerce;   these  data 
were  reported   on  4  to  5   year  intervals  for   the  1956-77 
period.    Market  shares  since  1977  were  collected  from  Snack 
Food  and  other  trade  publications  (Appendix  E)  .    Sufficient 
data  were  reported   in  Quick  Frozen  Foods   and  other  trade 
publications  to  derive  mark  «t  shares   of  the  top  four  frozen 
potato  producers   on  five-year   intervals  fcr   the  1960-80 
period  (Appendix  B)  . 

Straight- line  metnods   were  used   to  derive   missing 
values  between  reported  concentration  points  for  botn  frozen 
and   chipping  firms.     Concentration   in  frozen   potato 
production  in  1931   was  assumed  tc  be   unchanged  from  1980. 
These  annual  concentration  cata  were   weighted  by  the  volume 
of  potatoes  for  _;ach  use   to  derive  a  concentration  measure 
for  the  processed  potato  industry.    No  concentration  data 
were  reported  by   the  Eureau  cf  the   Census  fcr  dehydrated 
potato  processors  because  such   data  supposedly  would  reveal 
tne  identity  of  individual  firms.    Additionally,  unlike  the 
frozen  potato   sector,   no   trade   publications   provided 
iudepth  analyses  of  the   dehydrated  potato  sector.    Price 
cost  margins  (PCM)   were  defined   as  the  difference  between 
the  wholesale  price  of  processed  potatoes  (WFP)  and  the  farm 
price  of  Iresh  potatoes  (FPR) .    A  complete  FPR  price  series 
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were   collected   frcm   the   USDA   1960-82   Agricultural 
Statistics.   Some  interpolations  were  required  to  derive  RPP 
as  incomplete  price  series  were  available.   WPP  represents  a 
weighted- aver  aye  price   ot  frozen  french   fries,   instant 
potatoes  and  chips. 

Many  sources  were   used  to  derive  the   WPP  price  series. 
For  a  complete  listing,  see  Appendix  E.    The  1960  price  for 
frozen   french  fries   as  well   as   instant  potatoes   was 
collected   from  a   1961   USDA   Market  Research   Report. 
Wholesale  prices  of   frozen  french  fries  for   1964-71  were 
collected  from   Quick  Frozen  Foods;   1972-81   prices  were 
derived  using  the  Bureau  of   labor  Statistics  Producer  Price 
Index  (PPI)  for  frozen  french  fries.    Prices  for  1961-1963 
were  derived  from   the  intitutional  price  of   frozen  french 
fries  as  reported  by  Quick   Frozen  Foods.    That  is,   the 
wholesale  price  was  assumed  to   chauj   in  proportion  to  the 
institutional  price  for  the  1960-63  period. 

Wholesale  prices   for  instant  potatoes   were  collected 
from  BLS  for   1976-61.    Dsing  the  1976   price,   the  BLS 
Producer  Price  Index  for  mashed   potatoes  was  used  to  derive 
1968-75  prices.    Prices  tor  tae  remaining  years,   1961-67, 
were  derived  using   the  ratios  of  the   wholesale  prices  of 
mashed  potatoes  and  frozen  french   fries  for  1960  and  1968. 
That  is,   prices  of  instant  potatoes  were  estimated  assuming 
a  straight-line  method  of  change   between  stated  periods  and 
then  multiplying  these  changes   time  corresponding  wholesale 
prices  ot  frozen  french  fries. 
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Wholesale  prices  of  rota to  chips  for  1960-75  were  taken 
from  a   1977  researcn  study   of  the  pctato  chip  industry, 
Prices  for  1977  and  1981  were   collected  from  the  Bureau  of 
the  Census  and  the  Eotato   Chip  Snack  Food  Management  Report 
respectively.   All  remaining  prices   were  derived  using  the 
PPI  lor  trozan  vegetables. 

Given  annual  pric<=   data  for  the  three   product  forms, 
WPP  was  derived   by  weighting  each  price  by   the  volume  of 
potatoes  used  for  its  lorin.    Thus,  a  relatively  high  or  low 
price  for  a  form  that  is  a  small  proportion  of  total  volume 
would  not  distort  IPP.    It  should  be  emphasized  that  these 
derivations  are   possible  because  of  the   excellent  potato 
utilization   data  available   in   the   OSDA  Potatoes   and 
Sweetpotatoes  series. 

The  advertising  sales  ratio  (ASR)   variable  represents 
the  ratio  of  total  advertising   on  chips  and  frozen  potatoes 
to  total  sales   of  these  products.    Total   sales  of  these 
products  were   ascertained  by   multiplying  the   volume  of 
potatoes  for  each  use  times   its  respective  wholesale  price. 
Advertising  data  for  both  chips  and  frozen   potatoes  were 
collected   from   Advertising  Dollar   Summary,    National 
Advertising  1  nvestruents  and  Food  Field  Reporter. 

Advertising  expenditures   en  chips  were   compiled  from 
Food  Field  Reporter  for  1958-61,  and  1963.    Comparable  data 
for  this   product  were   reported  in   National  Advertising 
Investments  and   Advertising  Dollar   Summary  for   1967-81. 
Missing  observations  for  years  1962  and  1963-67  were  derived 
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assuming   straigh t- line   changes  between   respective   end 
values.   Advertising  expenditures  on   frozen  potatoes  were 
collected   from   National   Advertising   Investments   and 
Advertising  Dollar   Summary  for  1968-1981.     Before  1968, 
there  was  minimal  advertising  of  frozen  potatoes.    The  Food 
Field  Reporter   Listed  expenditures  of  $55,000  and  $29,000 
for  1959   and  19b 1   respectively.    No   expenditures  were 
reported  for  other  years.     Since  advertising  expenditures 
for   the  unreported   years   were   either  zerc   cr   too 
insignificant  to  report,  this  author  has  assumed  the  average 
for  1959,  1961,  and  1968  prevailed.    Thus,  expenditures  of 
$39,000  were  included  for  years  1960  and  1962-67. 

With  the  aforementioned  sales  and  advertising  data,  ASS 
was  derived  by  summing  advertising   on  the  two  products  and 
then  dividing  this   sum  by  total  sales  of   chips  and  frozen 
potatoes. 

Change  in  processing  capacity  (CCA)    is  believed  to  be 
reflective  of  the  entire  potato   industry,   but  is  derived 
from  the  frozen   potato  sector  because  of   unavailable  data 
from  other  sectors.    Data   were  compiled   from  numerous 
sources.   For  a  complete  listing,  see  Appendix  B.    Industry 
capacity  data  were  reported  for  years  1960,   1963  and  198  1. 
.  ;.^.s_  capacity  figures  were  used  as  check  points  against  the 
totality  of  expanded  and  new  plant  capacities.  That  is,  this 
author  meticulously  examined   trade-related  publications  to 
ascertain  plant  expansions  and   additions.    These  figures 
invariably  approximated  those  reported  by  industry  officials 
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in  tae  aforementioned  years.    Having  derived  total  capacity 
for  each   year,   CCA  was  derived  by  getting   the  percent 
changed  from  year  to  yaar. 

Utilization  oi  processing  capacity  (OCA),   just  as  CCA, 
was  derived  solely   irom  the  frozen  potato   sector.    This 
variable  represents  the  ratio  of   total  production  of  frozen 
potatoes  to   total  capacity.    Total  production   data  were 
collected  from   the  Quick   Frozen  Foods   series.    Total 
capacity  data  were  compiled  as  previously  described. 

Production   of   fresh  potatoes   (Q3P)    represents 
quantities  of  potatoes  harvested  within  a  given  year.   These 
data  were  collected  from  the  USDA  Potatoes  and  Sweetpotatoes 
series.    Althouga  the  data  represents  quantities  harvested 
rather  than  produced,   over  85  percent  of  all  quantities  are 
both  produced  and  harvested  within  the  reported  year. 

Utilization  of  potatoes  lor  fresh  consumption  (UZF)  and 
processing  (UZP)  are  simply  distribution  of  QEP.   These  data 
are  reported   ir.  tee  same  source  and  on  the  same  basis, 
calendar  year,  as  that  of  QGP.   It  should  be  emphasized  that 
these  two  uses  do  not  exhaust  the  distribution  of  QFP.    The 
remaining  quantities  are  used  for  seed   and  feed  or  lost  to 
shrinkage.     These   quantities   were   aggregated   into 
utilization  of  otner  potatoes  (UZC) .    Complete  data  series 
on   all  these   uses  were   collected   from  Potatoes   and 
Sweetpotatoes. 

Focusing  now   en  potato  prices,   this   study  utilizes 
three  series--f arm,  wholesale  and  retail.   The  farm  price  of 
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fresh  potatoes  (FPR)   represents  the   price  received  at  the 
farm  irrespective  of  the  final  use  of  the  potato.    Data  for 
this  variable   were  collected   frcm  the   USDA  Agricultural 
Statistics  series.    These  data  are   reported  on  an  annual 
basis  and   represent  weighted  averages  of   monthly  prices. 
The  wholesale  price   of  processed  potatoes  (»PP)    and  its 
related  data  were  discussed  earlier  with  reference  to  PCM. 

The  retail  price   of  processed  potatoes  (RPP)    is  a 
combination   of  retail   prices  or   frozen  and   dehydrated 
potatoes.  The  method  of  derivation  is  comparable  to  that  for 
WPP  with   the  exception   th et  chip   prices  are   excluded. 
Unfortunately,   the  Bureau  of  Labor  Statistics  only  recently 
began  to  provide  potato  chip  prices  at  the  retail  level. 

Retail  prices   of  frozen  trench  fries   were  collected 
from  BLS  for  1960-81,   but  no   price  was  reported  for  1979. 
This   observation  was  derived  assuming   the  retail   and 
wholesale  prices  of  french  tries  bore  the  same  relation  as 
in  1978.    Ascertaining  retail  prices  of  dehydrated  potatoes 
was  a  bit  more  cumbersome.    The  1960  price  was  taken  from  a 
1961  USDA  Market  Research  Report.    Prices  for  1964-78  were 
collected  from   the  Retail  Price   series  of  the   Bureau  of 
LaDor  Statistics.     Missing  observations  for   1961-63  and 
1979-81   were  derived   using   respectively   the  CPI   for 
processed  fruits   and  vegetables  and   processed  vegetables. 
Different  indexes  were  used  because   BLS  only  separated  out 
processed  vegetables  in  1968.   This  price  series  together 
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with  that  of  frozen  french   fries  was  used,   as  previously 
described,  to  derive  E.PP. 

The  last  endogenous  variable  for  which  data  were  collected 
is  the  research  and  promotion  tax  on  potatoes  (R?T)  ,    Tata 
were  collected   from  USDA   Agricultural  Marketing   Service 
(AMS)  .    Because  these  data  represented   a  one  cent  tax  on 
potatoes  used   for  food   and  seed,    they  could   also  be 
generated  since  these  potato  uses   are  integral  parts  of  the 
model.   This  latter  procedure  was  specified  and  the  revenues 
generated  closely  approximated  those   reported  by  AMS.    To 
gain  some  efficiency,  this  author  generated  BPT  internally. 

One  remaining  endogenous  variable  which  did  not  reguire 
any  data  collection   is  the  spread  between   retail  and  farm 
prices  of  fresh  potatoes  (SPR).   This  variable  was  specified 
for  estimation  purposes  only.    Given  the  two  price  series, 
its  derivation  is  stiaxyht  icrward  and  apparent. 
Exogenous  Variables 

While  eclectic   sources  and   procedures  were   used  to 
compile  data  for  many  endogenous   variables,   data  fcr  most 
exogenous  variables  were  accessible  from  a  minimal  number  of 
sources.   A  furtaer  ease  of  burden  in  compiling  data  for  the 
exogenous  variables  resulted  from  the   fact  that  several  are 
simply  lagged  endogenous  variables. 

Appropriately ,   the  first  exogenous  variable  discussed, 
minimum  efficient   flant  size   (MS)  ,   is   one  for   which 
obtaining  data  was  most   difficult.    Sufficient  data  were 
availule  to  compile  a  reliable   series  for  the  frozen  potato 
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sector  only.    MS  therefore  represents  the  average  per  hour 
production  capacity   of  trozen   potato  plants   constructed 
within  a  given  year.    When   no  new  plant  construction  was 
reported,   plant  sizes  of  the   previous  year  were  assumed. 
Data  were  collected  from  the  same   sources  as  were  data  for 
CCA. 

The  cost  of  transporting  potatoes   (CT)   is  measured  as 
tne  average  cost   of  diesel  fuel.    Data  for  1960-81  were 
calculated   from   various  U.S.    Department   of   Energy 
publications  (Appendix  B) .    The   geographic  dispersion  of 
potato  production  (GD)   is  a  measure  of  shifts  in  production 
of  fresh  potatoes.    Data  were  collected  from  USDA  Potatoes 
and  Sweetpotatoes  series.    These  data,  reported  by  states, 
were   aggregated  into   eight   regions.     A  measure   of 
concentration  utilizing  the  Herfindal  index  was  derived  from 
the  production  data  of  the  regions  (Appendix  E)  . 

Marketing  cost  of   potatoes  (MC)   is  measured   as  the 
total   food  marketing   cost   index.     This  proxy   was 
necessitated  by  the   lack  of  systematic  data   on  marketing 
cost  of  potatoes.    Data  for  1960-67  were  collected  from  the 
OSDA   Agricultural   Outlook   series.     All   remaining 
observations  were   taken  from  DSDA  1982   Food  Consumption, 
Prices  and  Expenditures. 

Potato  producers  are  naturally   subjected  to  some  risk 
(fiS) .    To  quantify   this  concept,   BS  is   defined  as  the 
coefficient  of  variation  of  monthly  potato  prices.    Monthly 
price  data  for   196C-80  were  collected  from   the  Commodity 
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Yearbook  series,  USDA  Annual  Summary  of  Agricultural  Prices 
were  used  to  collect  1981  monthly  prices.  See  Appendix  B  for 
a   definition   or   the   coefficient    of    variation. 

lotal   ava  y-f  rom-home    restaurant    food      sales     (If)       and 
fast-food   sales    as      a    ratio    of    total      away-f  rcm-horae    sales 
(FF)       were   also  variables   with    missing   observations.         Data 
were   collected    for      bcth    IF    and    FF    from    the      Bureau    of    the 
Census    of    the    U.S.       Department   of   Commerce.         Before    1967, 
expenditures   on  TF    were   reported    en    4-5   year   intervals.         A 
straight- line    method      was   used      to   estimate      these    missing 
observations.         Expenditures   at      fast-food    restaurants    were 
reported   on    4-5   year   intervals    until    1977.         Missing    values 
were    derived      by   regressing    the      reported    fast      food   sales 
against   total    food    sales    (Appendix   B)  .         The    variable    FF    was 
then   defined  as   the    ratio  of      fast-food  sales    to    total    food 
sales. 

Complete    data    series   were      collected   for   all    remaining 
variables.      Tae   cost    of    capital    (CK)     was   defined   as   the    D.S. 
prime    interest   rate.         These    data      wore   collected    from    the 
1983    Economic    Report   of    the   President.      Data    en    the    price    of 
sugar    beets    (PS)       were   collected    from    the  USDA    Agricultural 
Statistics   series.         Produce   sales   through      retail   grocery 
stores    (GC)       were    collected      from   the    Supermarket    Business 
scries.         Population    (PI")    and   income    (IN)    data    were   gathered 
from    U.S.         Historical   Statistics      and    Survey      of    Current 
Business    reports. 
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women  in   the  labor  force   (WN)   is  defined   as  the 
percentage  of  women  in  total  labor  force.    These  data  were 
collected   from  the   Handbook   of   Labor  Statistics   and 
Employment  and  Earnings  of  the   Bureau  of  Labor  Statistics, 
Expected  growth  (GR)   was  defined  as  a  three  period  lag  of 
UZP  with  equal  weights  per  period.    Only  the  UZP  data  were 
required  to  derive  this  variable.   A  trend  variable  (TE)  was 
defined  simply  as  the  years   of  the  data  period,   1960-81. 
All  remaining   exogenous  variables   are  lagged   endogenous 
variables,   requiring,  of  course,   the  previously  described 
data. 

Several  price  indexes   were  used  to  quantify   data  in 
real  terms.    These  included  the:   Producer  Price  Index  for 
Ml  Items  (P?AI),  Consumer  Price  Indsx  for  Ml  Items  (CPAI), 
Consumer  Price  Index  for  All  Food  (CPAF) ,  and  Consumer  Price 
Tndsx  for  Food  Away  From  Rome   (CPAH)  .    Data  on  all  these 
indexes  were  compiled  from  the   1982  USDA  Food  Consumption, 
Prices  and  Expenditures  repcrt. 
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Specif ic  Variablgs 

NPP    Number   of    Potato    Processing    Plants 

Data    on    the   number   of    Frozen   and  Dehydrated   plants   were 

collected    from    the    sources    below. 

196  1 — An    Economic      Study   of      the    O.S.         Potato 
Industry.         USDA,       EES,       Agricultural 
Economic   Seport   No.    6,    1962. 

1 96£}--Demand      and    Price      Analysis    for      Potatoes, 

USDA,  ERS,  Technical  Bulletin  No.   1380, 
1967. 

1972 — Heport  of  the  Potato  Processing  Study  Group. 
USDA,  July  1974. 

1976  and  1980 — A  listing  of   frozen  and  dehydrated 
plants   sent   to   this   author   from 
officials   knowledgeable   of   potato 
industr  . 

CKP  Concentration  in  Potato  Processing 

In  addition  to  the  1958-77  market  shares  internal 
data  on  potato  chip  firms  collected  from  the  Bureau  of 
the  Census,  comparable  1982  data  were  collected  from 
1980-83  volumes  of:  Chipper/Snacker ,  ,,Food  Engineering, 
Moody's  Industrial  Manual,  Snack  Food  and  Who's  Who  in 
the  Snack  Food  Industry.  Missing  observations  were 
then  derived  using  a  straight-line  method. 

Market  shares  data  cu  the   top  four   firms  in 
frozen  potato   production  were  collected   on  five-year 


280 


281 
intervals    for    the    1960-80   period.      The    numerous   sources 

used   were:         Canner    Packer, Fpod_Engi neer in cj , Food 

E£2C£§sing_, Hopd.Y'.g Industrial    Manual, Processed 

Prepared    Foods ,   Quick   Frozen    Foods   and    published    papers 
of    the   A  nnua lgotatg   Utiliza tion _Ccnf erences.         Missing 
observations    among      these    1960-80      data    were      derived 
using    a   straight-line      method    between   each    set      of   end 
values.  The    1981      value   was      derived   using      the 

assumption    of    no    change      in    concentration   between    1980 
and    1981. 
WPP    Wholesale    Price    of    Processed    Potatoes 

Data  sources    were    as      fellows:        Potato    chip 
prices  for      1960-75   were      compiled   from     a    study      by 

Jefrery  Goldberd   entitled   The_Potato_Chj.£_  Market: An 

Economic-Marketing      Financial    Investigation Analysis  , 

1978.  This  study  did  not  report  a  1969  price  so  it  was 
derived  as  the  average  of  the  19t8  and  1970  price.  The 
1977  potato  chip  price  was  collected  from  the  Bureau  of 
the  Census  of  the  U.S.  Department  of  Commerce.  The 
Potato  Cnip  Snack  Food  1982  Management  Report  was  used 
to  compile  the  1981  price.  All  remaining  chip  prices 
were   derived    using    the    PPI    for    frozen   vegetables. 

The    1960      wholesale    price    of   frozen      french   fries 
was   collected    from   a    1961      USDA    Market    Research    Report 

en t  itled      Ma r k et Pote n tia 1 for Processed Potato 

Products,      No.       505.         Frozen    french   fries   prices    for 
1964-71    were    compiled    from      the    monthly    wholesale    price 
reports  of   Quick   Frozen    Foods. 
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These    monthly      prices    were      averaged   to      derive 
annual    prices.         In    addition    to    these    monthly    wholesale 
prices,        this      publication   also      reported      annual 
institutional    prices   of   frozen   french   fries.         That   is, 
the      price      for   which      institutional      establishments 
brougiit      frozen      french    fries      from      frozen      potato 
processors.         This      price   series    was   used     to   derive 
1961-63   wnolesale    prices    of    frozen   french   fries.         The 
Producer      Price    Index      for    frozen      french    fries      as 
reported    by   BLS    was   used    to    derive    1972-81    prices. 

The    1960    wholesale   price      of    instant    potatoes    was 
collected    from   the      same   source   as   was      that   of   frozen 
french   fries.       BLS    reported     1976-81    prices   as    well    as    a 
PPI    for   instant   potatoes    for    the    1968-81    period.         This 
index    was    used    to   derive    1968-75    prices.       The    remaining 
1961-67   prices    were    derived      using    the    relationship   of 
the    wholesale      prices    cf      mashed   potatoes      and   frozen 
trench   fries    fcr    196C    and    1968. 

CCA   Change    in    Processing   Capacity 

Data   sources    included:      American_Vecjetaf le_ Grower, 

Canner   Packer, Food Engineerijng, Food  „ Processing, 

2iO£!~ssj?d_P^epared £22^S   an^    published    papers      of    the 

Annual   Potato,  Utilization    Conferences. 

CT   Transportation    Cost 

Data    were   collected    from    the   following   sources: 
1960-77 — State  Energy      Fuel   Price      by   Major 

Economic  Sector,    U.S.    Department    of 
Energy,    1978. 
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1978-79--Monthly  Petroleum  Produce  Price 
Report,  EIA,  U.S.  Department  of 
Energy,    July,     1979. 

19B0 — State  Energy   Price    System   Final    Report, 
Vol.         1,    EIA,    U.S.       Department    of 
Energy,    Nov.    1982. 

198  1  —  Monthly      Petroleum        Producet      Price 
report,    EIA,      U.S.       Department    of 
Energy,    Dec,     1982. 

GD   Geographic    Dispersion    of    Potato   Production 

The  states'  production  data  from  USDA  Potatoes  and 

Sweetpotatoes  series  were  aggregated  into  ~ight  regions 

as  follows: 

Region  l--Conn.,  Me.,  Mass.,  N.H.,  N.Y., 
Pern.,  R.I.,  Vt. 

Region  2--Del.  ,  Md.,  N.J.,  N.C.,  Va. 

Region  3--Ga. ,  Ala.,  Fia.,  La.,  Miss.,   S. C. , 
W, Va.  ,  Ky.  , 
Tenn. 

Region  4--I11,,  Ind. ,  Mich.,  Oh.,  Wis. 

Region  5- -Minn.,  S.D. 

Region  6--Id,  ,  Ore.,  Wash. 

Region  7--Ca.,  Nev. 

Region  8  —  Ark.,  Ariz.,  Colo.,  la.,  S, 0. , 
Mont.,  Neb.,  K.H.,  Tex.,  Ut.  , 
Wy. ,  Okla, ,  Mo. ,  Ks. 

Data  from  these  regions  were  then  used  to  derive  a 

measure  of  dispersion  of  potato  production,    A  variant 

or  the  derfindal  index  as  defined  below  was  used. 

8 


GD  =  1  -  E  R 
i=l  x 
total  production 


where  R.  =   region's   share   of 
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RS  Risk 

Given  monthly   potato  prices  for   1960-81,   the 

coefficient  of   variation  formula   below  was   used  to 

juantify  the  level  of  risk, 
1981 

C 

K3j_     -  _£_     •   loo  where      s      is      the      standard 

i=1960       p 

deviation  and   p  is  the   arithmetic  mean   of  monthly 

prices. 

TF    Total    Away-Froa-Rome    Restaurant    Food    Sales 

Data   were    compiled    from    the    Census_of _Retail_Trade 
and   Commerce    Business  Reports   of    the    U.S,    Department   of 
Commerce.         These   data    were    reported    fo    1953,    1963    and 
1967-81.         A    straight-line    method   was    used    to   generate 
missing    observations, 

FF    Fast-Food   as   Percent    of    Total    Away-From-Home    Food    Sales 
The    above      sources    from   which      data   on      TF   were 
collected    also    reported    fast-food   sales    for    1958,     1963, 
1967,    1972   and    1977-81.       The  derivation    of    annual    fast- 
food   sales   from   this   data      was    as    follows,         The   first 
five   observations    (1958-77)       of      fast   food   sales    were 
regressad       (logs)       against      their    corresponding      TF 
observations     (logs).         The    resulting   equation    was    then 
used    to   derive    missing    observations.       These    annual   data 
were    then    divided   by    their      corresponding   TF    values    to 
derive   FF. 
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Table  C.  1  —  States  Comprising  Potato  Production  Regions 


Central 


Southeast 


Northeast 


Arkansas 

Arizona 

Coiorada 

Iowa 

South  Dakota 

Montana 

Nebraska 

New  Mexico 

Texas 

Otah 

Wyoming 

Oklahoma 

Missouri 

Kansas 


Alalaaa 

Georgia 

Florida 

Louisiana 

Mississippi 

South  Carolina 

West  Virginia 

Kentucky 

Tennessee 


Connecticut 
Maine 

Massachusetts 
New  Hampshire 
New  York 
Pennsylvania 
Rhode  Island 
Vermont 


Middle  Atlantic 


Lake  States 


Pacific  Northwest 


Delaware 
Maryland 
Key  Jersey 
Worth  Carolina 
Virginia 


Illinois 

Indiana 

Michigan 

Ohio 

Bisconsin 


Idaho 

Oregon 

Washington 


Bed   River   Valley 


Calif orni a/ Neva da 


Minnesota 

North  Dakota 


California 

Nevada 
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Table  C.2 — Principal  Components  Analysis 


Gonpanents  from  All  Exogenous  Variables 


cIGSNVALUE 


DP[N1 

PP  IN2 

PR  IN3 

PR!  N4 

Pr  INS 

PRIN6 

PRIN7 

PRIN3 

PPIN9 

PRIN  10 

PR  IN  1  1 

PRIN12 

PR  IN13 

PRI N  14 

PRIMS 

PRINlc 

PR  IN  17 

PRIN18 

PRIM? 

PR  IN  20 


14.  1 

2.3 
1  .4. 

o.  a 

0  .6 

0.  1 
0.  1 
0.  1 
0.0 
0.  c 
.  J.O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.  0 
0.  0 


8939 

1165 
4553 
1357 
5  23  8 
7802 
4092 
1242 
6^44 

46*9 
1563 
0967 
0522 
0421 
0197 
CI  66 
0053 
0038 
0032 
0000 


0  IFF£R  SNCE 

1  1  .87774 
0.366  12 
0  . 62196 
0  .  Io069 

C.474Ec 
0  .027  10 

o.  C2e<*<; 

C .04299 
0 .02294 

0 .03032 
0 .CC6  CI 
0 .00444 
0 .001 02 
0.  0022<* 
0.00021 
0 .001 08 

o.oco  1 9 

0  .00007 
0  .00022 


PPCPCP.TION 

0  .70  94  7 
C. 1 1 553 
C. 07228 
0 .0406a 
0. 03264 
C .00890 
C. 00705 
C. 00562 
0.00347 
0.00232 
0. 00078 
0.00043 
0  .00026 
C. GO  C21 
0.000  10 
0  .00003 
C. 00003 
0.00002 
0.00002 
0.00000 


CUMULATI VE 

0  .70  94  7 
0.32505 
0.  89722 
C  .  9  2  3  0  1 
0.97065 
0.  97<;  =  5 
0  .98660 
0 . 99222 
0. 99569 
0 . 59802 
0  .99830 
0. 99928 
0  .9995* 
0 .99975 
0. 99935 

0  .99994 
0 .99096 
0. 99993 

1  .00000 
1  .00000 


Components  from  Equation  4.1 


AAA  1 
\AA2 
AAA3 
AAA4 
AAA5 
AAA6 
AAA7 
AAA? 


IGENVALUE 

DIFFERENCE 

PROPORTION 

CUMULATIVE 

6.654507 

6.020220 

0.331 813 

0.831313 

0.624177 
0 .295700 

0.22  64  77 
C.  12C454 

0 .073022 
C. 026962 

0.909825 
0 . 946793 

)• 1 75246 

0. 02 1623 

0.021 906 

0. 968704 

0.  1  52622 

0. C91409 

0.0  19203 

0. 987906 

0 . 0622  14 
0  .026705 

0.  C255  0? 

o. oiea7s 

0.007777 
0 .003228 

0 .995633 
0. 99902  1 

0 • 0  0  782  0 

• 

0.00  0  9  79 

1  .000000 

Components  from  Equation  4.2 


BBS  1 

aee.2 

38B3 
3834 
SBB5 
8BB6 
BBB7 


EI  GEN  VALUE 

4.  -jgaooo 

1  .325965 
0.266734 
0.2  02537 
0.11 499  1 
0.070124 
0.02 1599 


3  IFFSRENCE 

3.672035 
1.  05923  1 
0. C64  147 
0.087596 
0.  C44d6  7 
0. 048525 


PROPORTION 

0.714000 
C.  1  39424 
0.033  105 
0  .02894  1 
0.  01 642  7 
0.  0  10C1  3 
0.003086 


CUMULATIVE 

0.714000 

0  .903424 
C. 94  1  529 
0.970470 
0.986397 
0.996914 

1  .000000 
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Table  C.2 — Gontinued 


Components  from  Equation  4 . 3 

EIGENVALUE  DIFFERENCE  PP.CPCPTICN 

^CC?  ?  .&C22S3  2.400086  0.3S74id  0.887418 

CCcl  c'fMsSI  0.185533  0.037283  oIllXloS 

lj,07-5a2  *  0.025194  1.000000 


Gomponents  from  Equation  4.4 

EIGENVALUE        DIFFERENCE        PSCPCR7IGN 


CU  VU LAT  I  Vf= 


CUMULA7I VE 


300  2  IrS^laiJ  ^J"?*°  0.503956  0.903956 

Ifll  Wilis        i  L~!  °:Lt« 

05  0.040651  o.c-c,c7  ^   ,AJ,31  0.991147 

0C06  0.012465  0.C.8187  %m$2*ZZ*  0.997923 

0.002077  1.00000Q 


Components  from  Equation  4.5 

EIGENVALUE        OIFFEPENCS        PRCFCRTICN  CUMULATIVE 

SEE  1                2.207472           2.796923           0.301863  0.801868 

EEE2                0.A1O55O           0.165722           0.102637  0.904505 

EEE3                0.244318           0.1G76S7           0.061204  C. 96  =  710 

EEE4                C. 127160            .                  0.034290  1.000000 


Gomponents  from  Equation  4.6 

EIGENVALUE         DIFFERENCE         PPCFCRTICN  CUMULATIVE 

PPF?                I'lllVJ,                          2.012559           0,244254  0.844254 

FFpl                n'1%1%%1                          0.157380           0.090864  0.935118 

FFF4"                0*05345?           0.152625           0.051519  0.936637 

rl^*                0.053451            .                  0.013263  1.000000 


Table  C.2 — Continued 


Components  from  Equation  4 . 8 
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GGG  1 
GGG  2 

GGG  2 

GGG4 
GGG5 
GGG6 
GGG7 

GGG3 


=  1 GFN  VALUE 

6.498380 
C. 950696 
C. 419912 
Z  .0921 36 
0. 022712 
CO  1C777 
0.002944 
0.001392 


DIFFERENCE 

5  .347634 

0. 520733 
0.226/27 
0. C7C472 
0.01  1926 
0.  C07633 
0. C015S1 


PPCPCPT  IGN 

0.31 2297 
0.1 18337 
0  .052489 
0. 01 1 648 
0. 002S39 
0 .00 1 247 
0. 000263 
0.000  174 


cupula1-  :ve 

C. 812297 
0.921  124 
0 .932624 
0.995272 
0.998111 
0 .999458 
0.999826 
1.000000 


Components  from  Equation  4 . 9 


HHHl 
HHH2 
t-HH2 
HHH4 
HHHS 
HHH6 
HHH7 
HHH8 
.HHHS 
HHHl  0 


EIGENVALUE 

7.739645 
C. 967602 
C.72802e 
0.265140 
0.  13420  I 
0*034922 
0.01  1003 
0.006037 
0  .002269 
0.00  1  102 


C  IPFH^NCE 

6.772042 
0.229574 
0. 472668 
0.080929 
0.  C99278 
0. C72920 
0.0G491 7 
0.  CC331  3 
0.  CC1  167 


PPCFCRT  ION 

0.7T3964 
0  .096760 
0.073303 
0 .0265  14 
0 .013420 
0. G08492 
0.001  100 
0 .000609 
0.000227 
C .000  1  1  0 


CUMULATIVE 

0. 773964 
0.370725 
0.944528 
0.97  1 042 
0.989462 
0  ,997<954 
0. 999054 
0.999662 
0  .999890 
1. 000000 
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Table  C. 3 — Principal  Component  Equations 


PROC     SY3REG     DA7A=SPUD     CLT=CHIP3     CU" ~£T =  FR I ~ 5 ; 

QLCCK     NPP     CRP     PCM      iSR      CCA     UCA      GPP         LZF     UZ  P     RPF     RPF     V»P=     rPS         SPP 
3ARA1     EAP42     GARdl      BAFS2     3ARC1      2ARC2     3ARC1      EAFC2      EAFE1      EAPE2     dARFl 
3ARF2     2AFG1     3ARG2     3APG3     3ARH  1     EAKH2     3APH2-PRIM      PRIN2     FRIN3     =  FIN4 
PRIN5; 
EQOi  I      MODEL     NFP=EACA1      EARA2     CARA1     CARA2; 
RESTRICT     3ARA1-CARA1,      EARA2-CAR42; 
EC02I      MODEL     CPP=EARf31      EAR32     CAP31     CARB2; 
RESTRICT     BAfiei-CARBl <     EARE2-CAFE2; 
EG03!     MODEL     FCM=2APC1     eARC2     CAPO     CARC2: 
RESTRIC-     3ARC1-CARC1,      c  AR  CZ-CAR  C2  ; 
iC04  :     MODEL     ASR.^EARDl      EA-02     CARC1      CARC2; 
RESTRICT     SARCl-CARDlt     BARD2-CARC2; 
EQ05:     MCDEL     CCA=8AREi     BARE  2     CAPE1     C1KE2; 
RESTRICT     BAREl-CAPElt     EARE2-CARE2; 
EQ06:     MODEL     UCA=EA=F1     EAPF2     CARF1     CAPF2; 
RESTRICT     EARF1-CARF1,     3ARF2-CARF2; 
=007:      MODEL     CRF=RS     TR     =S        FPRL     CRFL; 
RESTRICT     CRFL-1  I 

EGOa:     MOCEL     UZF=BARG1     BARG2     BAPG2     CAPG1     CARG2     CARG3; 
RESTRICT     EARGl-CARGlt      EAPG2-CARG2,     34PG2-CARG2; 
EG09:     MODEL     UZP=BARhl      EARH2     8ARH3     CASH1     CARH2     CA=H3; 
RESTRICT     EARt- 1-CARH  1  ,     BARH2-CARH2,      EARH2-CARH2; 
SCli:      VCDEL     RPP=*PP     TR      ; 
EG13:     MODEL     FFR=CRP     QRPLI 
E015:     MODEL     SPR=MC; 

SYSTEM     ECC1     EG02     =Q03     HQ04     EQ05    EU06    EQ07    EGOS     3C09     cCll     EQI3     EG15; 
RESTRICT     EQOI  .3  A  fi  Al  -E  CO  1  .  C  *R  A  I  =0  , 

EQ01.8ARA2-EQ01.CARA2, 

EG02.BARE1-SQ02.CAKB1 . 

EG 02. dARE2-EG02.CAFS2, 

EQ0  2.BAKC1-EQ03.CARC1. 

EG02.EARC2-EQ0  3.CARC2, 

EQ04.BAR01-EGG4.CARC1. 

EG04.aARD2-EQ04.CARD2. 

EC0S.BAPE1-EQ05.CARE1. 

EQ05.SAFE2-EC05.CARE2. 

EQ06.BARF1-EO06.CARF1 . 

EQ0  6  .aARF2-EQ0fc.CARF2, 
■£Q07.CRFL=1  . 

EQ0e.3ARGl-EC08.CAfiGl . 

EQ08.aARC2-EQ0c.CAPG2. 

EG08.aARG2-EC08.CARG2. 

EO09.3ARH1-EQ09.CARH1 , 

EQ09.BAPH2-EG0S.CARH2. 

EG09.EARH2-EG09.CAPF2; 
IDENTITY  RPF=FPP+SPR; 
IDENTITY  \>FP  =  FPR  +  PCM  ; 
IDENTITY  CRP=UZF  +  UZP  4  UZO; 
IDENTITY  3APA1=  -,2132*FCM  +4.0S96*UCA   -1.1646; 
IDENTITY  SARA2=    .2870*PCM  +.4119*UCA   -  1.9187; 
IDENTITY  6ARE1=   -.0049*NPP  + 1 2 0 . 2 0 25 *  A SR  +.5267; 
IDENTITY  3AR82=   -.0012»r>.PF  -205 . 4 300* AS P  +2.49C1; 
IDENTITY  EARC1=    .1421«CRP  f6.0457*LCA  -13.1622; 

JS^NIITY  a^"C2=  .0467*CRP  +  6.561R*LCA  -6.8371; 

IDfcNTi.Y  EARC1=  .0975*CRP  -.0327*UZF  +  .C27C*LZF  -5.36791 

IDENTITY  EA^D2=  .0561*CRP     -.0220*uZF     -.0192*UZF    -1.0^0C; 

IDENTITY  SARE1=  .0061+NPP     -     5.24e3*UCA     +1.2955; 

IDrNTITY  EAR£2=  -.0008*NPP     -2.7794*UCA     +l.926c; 

IDENTITY  BARFi=  .C059*NRF    +     7.2537*CCA    -     .0345*UZP     -.6416; 

IDENiIiY  3ARF2-  ,0005*NPP     +  1  2  .  5  9  1  2  *C  C  A     +.0179*LZP     -o.^p^z- 

Il-ENT^-y  cARGl=  .1192*RPF     -,20£S*«?p  +1.~44£; 

IDENTITY  EASG2=  1.0544*RPF     -.07C9*cop  _7~eTCC; 

IDENTITY  3ARG2=  .1947"*RPF     +.5434*PPP  -7.62?57' 

IDENiITY  EARl-l  =  109.31CC*A3R     +.10t36*Fpp     -.lSef*ROp  +.2199" 

IDENTITY  EARH2=  21.6281*ASR     +1.0024*FFF     -.c<=76*cpo  -7.1-a79I 

IDENTITY  3ARH^=  -  20  8  .  2  e4  2*  A  SR      «-.35'50*RPF     +.2c54*RDp  -->m^n7i. 
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Table  C. 3 — Continued 

BifiAl=  -.333012/1. 5616*{PCM-5. 8404 )  ♦  . 255 79 £/. 086 9* { LCA- . 5 £ 53 ) ; 
BARA2=  . 448140/1  .56 16* (PCN-5. 8404  )  +  . 035 836/  .  086 9 * ( L C A-  .  5 8 5 3  )  ; 
EAR3  1=  -.42535e/8e.73  74*< NPP-352. 63 18)  +  .3l278  5/.0  02  6*(.iSR-.O100  )  ; 
EARE2=  -.  107057/06. 7374*(  NPP-3  52  .63  13  J  -.53424  8/.  002  6*  (A3  =-.0100); 
£ARC1=  .  595  52  2  /4.  1627*  (CP.P  -6  4.  6097)  +.5  77  86  1/.  0869*  (UCA-. 5892655); 
3 ARC  2=  .1  94587/4.  162  7*  (CRP-64.  60  97)  +.5702  27/.  0869*  (UC/S-.SS93655); 
eARDl=  .405535/4. 16 27 *(  CPP-64.6  0  97  )  -. 412022/12. 625 £*(UZF-62. 7664) 

♦  .-4l25  57/15.2  6<*2*(LZP-59.9550  )  ; 
BAP0  2=  .222703/4. 162  7* ( CPP-64. 6  097)  -.2906  39/12.6258*  (UZF-6  2.76A4  ) 

-.292  20e/l£.2642*(UZP-£9.95  50) ; 
BARE  1  =  .528976/66.  73  74*  (NPP-35  2. 63  18)    -.  5082  12/.  0869  *(UCA-.53<33); 
BAPS  2=  -. 07 C9 6 6/ £6. 7274* (NPP-352 .6813)  -  .  24  15 29/ . 0 369 * ( UC A- . 5893 )  ; 
BARF1=  .50760 1/66 .73 74  * ( NPP- 35 2 . 661 6 )  +  . 4 6 6 7 2 7 / . 0 6 4 2* ( CC A- . C 8 5 1  ) 

-.5  2677  5/15.2  64  2*(UZP-59.955  0 ) ; 
3ARF2=  .046424/66.  73  74*  (NPP- 352. 681  8)  +.a0  56  17/.0643*(CCA-.0891) 

+  . 274602/ 15. 2643* (UZP -59. 9550)  ; 
EARG1=  . 1  10401/. 5264* ( FFF-7  .99  19  )  -  .32 2 737/ 1  . 5 6 8 4  * ( RF F- 1  1  .  1 625 )   ; 
bARG2=  .97680  1/.  5264* (RPF-7.991 5  )  -  .  1  1  1  1  7  1  /  1  .  5634  *  (  R  P  F- 1  1  .  1  6  25  )   ; 
EARG3=  . 1 30254/ .5264* (RPF-7  .99  1  5  )  + . 85 2 2 6 7 / 1  . 5 6  £ 4* ( RF F-  1  1  .  1 62 5 )   ; 
EARH1=. 2842  0 6/. 0  0  26*(ASR-. 0100  )  +  .101509/.9264*(PPF-7.9915) 

-.3075 1 1/1 .5684* (FPP-1 1 .1 635)   ; 
EAPH2=   .056222/. 0G26*(  A3R- .0  100  )  + . 92 6 6 57/. 5264* ( RPF- 7 . 99 1 9 )  - 

. 1531 13/ 1 .5634* (RPP-1  1 . 1635 )   ; 
9ARH3=  -.54  1755/. 0026*  ( ASR-. 01  00  )  +  .33 2622/  .  9264 *  { R FF -7  .9 5 1 9 )  + 

.400657/  1  .5634MRPP-  1  1  .  1625)   ', 
CARA1=. 330586/12. 01  15*(MS-23.2954)  +  . 380554/1 7. 0775*(GR -55. 3322) 

-  .372272/ .0295* (GC-. 7754  )  +  .2 86 039/7  .  6390 4  *  (  C7-2  1  . 2fc 1 7  ) 
-.34  1236/1  .6  523*  (PC. VL -6.0  2  25)  +. 268365/16.423  0* (UZPL -5 7.7815)  ; 

CARA2=  . 132854/  12.01 15* (MS-23. 2954 )  -  .  03 62 52/ 1  7 . 0 7 75 *( G R-5 5 . 3 5 2 2 ) 
-.098602/. 0355*  (GO-. 7754)   +  .  7  5  7375  /7  .  6  290  4*  (  C  7-2  1  .2  66  7  ) 
+  .340155/1. 6 523*( PC ML -6. 0225)  -.132972/16. 4230* ( UZPL-5  7. 78  15)  ; 

CAR31=  .440733/1  2.01  15*(  .VS-23. 2954  )   +  .  259673/ 3  .  7779*  (  CK- 7  .  62  5  4  ) 
+  .346471/7.6290- (CT-21 .26c7)  -  .  2 98 74 9/ 1  .  69 2 2*  (PC M L-6  .  02 25  )   + 
•  34424l/.CG26*(  A=RL-.  0097  )  ; 

CAPS 2=  . 0 30  8  24/ 12.0 11 5* (MS -23. 2954)  +.454224/2.  7779 *(  CK-7 . 6254) 
+  .5136  1  9/7.6390*  (CT-2  1  .  2667  )  +  .21  1  33  0  /  1  .6  323*  (  F  C.ML-6  .0  2  25  )  - 
.^224  79/.0028*(A=RL-.0097)  ; 

CARC1=  -. 55 3 060/1. 6923* (FCVL -6.  0  225 5; 

CARC2=  .79  81C9/1.632  2^(°CML-6.0325); 

CAR01=  .42C232/1  7  .0775  * ( 3R-55. 3522)  -  .  4 0  £ e 6 £/ . 039 9* ( GO-. 7754  } 
-.337566/1  .6922* (  PC VL-6. 0225)  ; 

CARD2=  .2204 02/1  7.0775  * (GR-55.  8522  )  -  .  3 0 039 4 / . 0 299 *  (  G C- .  775 4  ) 
+  .7  9  753  8/1  .6  523*C  PCML-6 . 0 2 2  5 )  J 

CAR£1=  .486637/1  .6922*  (  FCML-6.  0325)  -   .  47  4  2  9.  2/  2  .  7  7  7  5*  (  CK-  7  .  6  2  5  a  )  ; 

CARE2=  .58CC44/1 .6923* (PCXL-6. 0225 )  +  .  77<+  7  1  0  /  2  .  7  7  79*  (  CK-  7  .  62  5  4  )  ; 

CARF1=   . 436557/1. C 92 3*(  PCM L-6. 02 25)  ; 

CARF2=  -.  516  2 61/1. 6923*( FCML-6. 0225)  ; 

CARG1=  .3  6  943  0/.  0*1  3*  (  GC-. 6735  )  +  .2 '3  5625/5242.  15*  (7 F- 22022. 45  ) 
+  .386346/. 05  10* ( FF-  .251  7 )  +  .  2  5 0  1  1 5 / 1 4 . 7 2 0  1  * (  F N -2 0 6 . 05 0  ) 
+  . 385033/356. 233*< IN-2282  .277 )  +  .  2  3  5  6  5  5/  .  0  2  2  4  *  (  '.*  N-  .  2  7  02  7  )  ; 

CARG2=  -.1  13954/.  C41  3*  (GC-  .5735  )  -.  07 1.  232/5242.  15*(TF-22022.  45) 

-  .  06951  ■  )/  .051  0*(FF-. 25  I  7  )  - . 05 1 5 4 7 / 1 4  .  7 2 C  1  * ( F N- 2 0 6 . 05  ) 

+  .0  1 7636/ 396. 233* (  IN- 29 8 2. 277)    -. 08305  8/. 0324* ( *N- . 27 02 ) ; 
CARG2=     .2 545e5/.  C413* ( GC-.^735  )     +  .223 29  1/ 5 2 42  .  1 5* (7 F- 2 2 C 2 2 . 4 9  ) 

+.0 67722/. C510*(FF-. 2517)      +.0S6  475/14.73C1*(PN-206.0S) 

-.214410/256.233* (  IN-2882  .277  )     +     . 2 1 4 5 46/ . 0 2 2 4* ( w N- . 2 7 02 )  ; 
CAFH1=     .3252  0  2/.  041 3*(GC-. 6765)      +. 34775  1/52  +  2  .  IS*  (7F- 2  2022.45) 

+  .350650/  .05  10*(FK-  .25  1  7)     + . 3 5 275 7/ 1 4 . 72 0  1  *  ( P N-2 C 6  .  0 5  )     + 
.357508/296  .  2  2  2*  (  IN-2S82  .277  )     +     .  344  5  95/  .  0  2  2  •**  (  *  n-  .  2  7  C  2  )     + 

.  301123/. CC2£*(A3RL-.0 097)  ; 
CARH2=     -.  172  122/.0412*(GC-.o78S)      -.  1  2  0  3  57  /  5  2  4  2  .  1  S*"<-TF-22  0  22  .4  «  ] 

-. 102236/. G51J*(FF-. 2517)     -  .05l221/14.7301*(FN-20t.C£) 

+  . 0  16  141 /256  .222* (  I  N-2882  .2777  )     -  .  1 36 627/ . 0334* < W N- . 2 70 2 /      + 

.lo^ci9/.0G2£*{  42RL-.C057)  ; 
CARH2=     .310052/.  041  2*  (GC-. 6765)     +.232946/524.2.  15*(TF-22:«22.4C) 

*■•  134325/.  C510*(FF-.  2517)      ►. 17=421/14. 73 01*< FN -2 06. 05) 

-.07  197  1/256.  222*(  IN-2££2  .277  )     + . P 764 79/ . 0324* ( WN- . 3 702 )      - 

.39  2576/.002S*(A~RL-.0  0  57  ); 
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model:    sqoi 

OEF  VAf.:  NPF 

SECONO  S7AG2  STATISTICS 


sse 

OFE 
MSE 
CO  J 


VARIABLE 

INTERCEPT 
B001  .3ARA 1 
BOO  1  . cARm2 
CARA  1 
CAPA2 

RESTRICTION 
FESTKI CTICN 


DF 


PARAMETER 

ESTIMATE 

352.701 123 
-22  .201 466 
-2C  .208364 
-32  .201 466 
-2C. 206364 

9.579771 
-6  .  168720 


C755. SSI 

19 

5  13.47  1114 

7961 . 295 


STANCARC 
EPRCK 

4.831  107 
1.919850 
6. 463  145 
1.9  19850 
6.463145 

7.574522 
11.1 15671 


F  PATIC 
APPRCX  PR>F 
P-SCUAfi  E 


T  RAT  IC 

73.0C62 
-16.7729 

-3.  1267 
-16.7729 

-3. 1267 

1. 2647 

-0.5550 


1 46  .09 

COCCI 

0.9389 


APPPCX 
PFCE> |T| 

0.0001 
0.000  1 
0.005o 
0.0  00  1 
0  .0056 

0.2213 

0.5854 


*CDfcl_:     EC02 
OEP  VAfi:   CRP 


SSE 
OFE 
MSE 
QBJ 


36.416  174 

19 

1 . 916641 

35. 1 14203 


F  RATIO 
APPPCX  PR>F 
R-SQLAFE 


£5.  77 

0  .00  C  1 
0.9003 


SECONO  STAGE  STATISTICS 


VAR I  ABLE 

INTERCEPT 
BOO  1  .  tjAfid  1 
BOOl  .6ARB2 
CARB1 
CARB2 

RESTRI CTICN 
RESTR ICTICN 


CF 

1 
1 
1 
1 
1 

-1 
-1 


PARAMETER 
EST  IMATE 

64.606934 
1  .  762704 
0  .073383 
1. 762704 
0.073383 

0.2941 1 8 
-0.391326 


STANOARO 
ERROR 

0.295162 
0.  1346  1  1 

0.270631 
0.  13461 1 
C. 270621 

0  .792422 
C. 576678 


T    RATIO 

218.3865 

13. 0948 

0  .2712 

13.0948 

0.2712 

0.37  12 
-0.6786 


APFRCX 
PR06> | T | 

0.0001 
0.000  1 
0.7892 
0.0001 
0.7892 

0.  7146 
0.5056 


MCDEL :     EQ03 
OEP  VAR:  PCM 

SECONO  STAGE  STATISTICS 


SSE 

OFE 
MSE 

oej 


VARIABLE 

INTERCEPT 
BOOl  .BARC  1 
BOO  1  .8AKC2 
CAR  CI 
CARC2 

RESTR ICTICN 
RESTR I CT ICN 


OF 


PARAMETER 
ESTIMATE 

5  .840385 
-0.82  1626 

0.44291 9 
-0.e21626 

0.442919 

-0.02  19  19 
0. 045643 


12. 145062 

19 

0.639214 

1 2.996432 


STANCARC 
ERRCP 

0.  170456 
0. 1 1 0156 
C.42ei44 
0. 110  156 
0. 428144 

0. 056165 
0. 080224 


F  PATIC 
APPRCX  FR>F 
R-SOUARE 


T  RATIO 

24.2633 
-7  .4587 

1  .0345 
-7.4587 

1  .0345 

-0.5682 
0.56e2 


£9.89 
0.0001 
0  .  7  f.  £  '.> 


APPRCX 
PRGE> |T | 

0.  OOO  1 
0  .000  1 
0.3  139 
0.000  1 
0.3  139 

0  .5765 
0.5765 


MCDEL:  E004 

DEF    var:     ASR 


SSE  .00005670304 

OFE  19 

MSE  .00000293437 

OBJ  .C0OC59S2102 


F     R ATIC 
APPRCX     Pfi>F 
R-SQUAPE 


14  .66 

0. 000 1 
0.6069 


SECONO     STAGE     STATISTICS 


VAR I  ABLE 

DF 

PARAMETER 
EST  IMATE 

STANDARD 
ERRCR 

T  R  ATIC 

APPPOX 
FFCE> | T | 

INTERCEPT 
BOO  1  .BARD  1 
BOO  1  .d AFD2 
CARD  1 
CAFD2 

1 
1 
1 
1 

1 

0 .0 10004 
C. 00036561 37 
-C .0006 17246 
0.0008656 187 
-0.0006  1 7246 

0.0003633 1 13 
0  .000161 7258 

C.0C0743977 
0  .0001 6  1  7258 

0.000743977 

£7.1619 
5.3524 

-0. 8297 
5.3524 

-0.8297 

C.OOO  1 
0.000  1 
0.4 170 
0.000  1 
0.4  170 

RESTRI CT ION 
FESTRI CTI CN 

-1 

-1 

-0.000207977 
-0 .00074038  7 

0.0  00479202 
0  .C007035662 

-0 .4  340 
-  1. 0523 

0.6692 
0.  3C58 
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»c:cl:    3,1:05 
OiP  vap  :  cca 

S  cCC^C  =  ~  AGE  : 


VAR lAULc 

INTifiCtPT 
SOO 1 .JAPE  1 
EOO 1 .OAREZ 
CARbl 
CAPE2 

R6STC ;cticn 
R  E  S  1 P  I  C  T  I  C  N 


CBJ 


C . 022C04 

1  5 

1.00163*413 

0  •  0  3  4  t  Z  5 


tCi 


P A? iW*7s? 

F       ESTIMATE 

=  7  ANC  it'Z 

ERKCR 

1        3.029203 
1        0. 02783) 
1    0.0  03701073 
I        3.027839 
1    O.CCH70  107H 

3 
0 

-OC375009P 
-OOS007809 

0.014017 
•C0S0075C9 

0.0  I  40  I  7 

1        0.05«703 
1    0.CC5233452 

0 

0.036034 
.003264037 

F     R  47  IC 

a  p  p  p  c  x    ; 

i-SQUAS - 


T     R AT ;c 

10.1  945 
5.3691 

C.o2Cc 
S.2C91 
3  .620e 

1 .5  16  1 

J -o333 


15.65 

T.CCC1 
0  .  o  2  2  ~i 


iPVC ex 

psca> I T I 

3. COO  I 

0.000  1 
0.S42 1 

COCO  I 

0  .=  42  1 

C. 1455 
0.534  1 


*CCEl:    EG06 
DEP  var:  ijca 

5fI 

<SE 
CSJ 

0 .035226 

19 

0.  00  1  35 -.0  16 

0  .034372 

F  PATTC 
APPRC*  PR>F 
R-SCV.ARE 

33  .60 

0.000  1 
0 . 7796 

SE.CUNO  STAGE 

S7AT ISTIC 

s 

var:  AeLE 

CF 

P  APANFTER 

ESTIMATE 

STANOARO 
ERRCR 

7  P  ATI C 

APCPCX 
PCGB> | T | 

INTERCEPT 
800  I  .3ARF 1 
800  1  .dARF2 
CAPF  1 
CARF2 

1 
1 
1 
1 
1 

C.5a9422 
-0  .042666 
-0.02451 7 
-0. 042666 
-C. CZ45 1 7 

J  .0  09 18  0096 
0.0CS205032 

0.023363 
0.005205032 

0. 023363 

64.2066 
-8.  197  1 

-  1  .  0494 
-8.197  1 

-  1  . 0494 

0 .000 1 
0 .0C01 
0.3C72 

o.aoc i 

0 .3072 

RESTRIC7I CN 
RES  TP IC7 ICN 

-I 
-  1 

-0.023604 
0. 024539 

0 .01 3820 
0.01 436e 

-  1  . 7079 
1 . 7079 

0.  1029 
0  .  1039 

mcdel: 

EC07 

OEP  var: 

CRP 

V  AR  I  A  a  U  £ 

IN7EFCEPT 

SS 

IS 

PS 

FPRL 

OBPL 

RES  TP IC7ION 


SSE 
GFS 
'ISE 

R  JP4M=TE  = 
£37 IHA7E 

-49G. 1 33296 

-C. 320856 

0.22959 1 

-  19.  100851 

2  C. 565393 

1  .000000 

-446  .  7*5209 


1 035 .939 

1  7 

60.9376 14 

S  7 ANCAPO 

ERPCR 

570  .785554 
0.230253 
C.29C489 
9.894984 
3  .358767 
1.8  1  754E-09 

230.229 126 


F  RAT  IC 

PPCB>F 

P-SUUARF. 


7  RAT  IC 


-0.8692 
-1  .4369 

C.824e 

-1.9304 

6.  1  229 

99999. 0C00 

-  1  .  ^»«05 


4.43 
0.0  122 
0.5  106 


PRCE> I T | 
0.296E 

o.  ite9 

0.4209 
0. 07C4 
0 .000  1 
0.000  I 

0.069 1 


MCDEL  :     EQ08 

SSE 
CFE 

137.  I59525 

F  PATIO 
APRKCX  =R>F 

125.14 

0.CCC1 

OEP  var:  UZF 

MSE 
CBJ 

7.6 19974 
25c. 422925 

R-SOUABE 

0.9575 

SECQNC  STAGE 

S7 AT  1ST 

:cs 

F  A  R A  VETE  R 

ST ANCAPC 

APP=CX 

VAP I AdUE 

CF 

ESTIMATE 

ERRCR 

T  RATIO 

ppoe> I t | 

I NTERClP1 

62  .  766Q54 

0.583526 

106.6SC9 

O.OCO l 

BOO  1  .B  APG 1 

-1  . 76*972 

0  .236928 

-20  .1115 

0  .000  t 

900 1  .3 ARG2 

o  .24e->eo 

0.677502 

0.366S 

0  .  7  1  d  1 

800  I  .aARG2 

2  .260367 

l  .237729 

1.9070 

0 . C726 

C  APG  1 

-4  .  764972 

0.2369  28 

-20. 1115 

0.000  1 

CAR  G2 

o. 24e4eo 

C. 677502 

0.3  6  63 

0.7191 

CARGJ 

2  .260367 

I. 227729 

1.9070 

3.  0  72  6 

RE3TR I CT I CN 

_  j 

0.6  7271  6 

0.23701 3 

2  .3252 

0.0  109 

RES  TRI  C7ICN 

_  i 

C. 4G2333 

C.  14  ^992 

2.7945 

0.0120 

RESTRICTICN 

-  1 

-  I  .690890 

0.5959 14 

-2  .8275 

0.0  109 
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DtP    vap  :    UZF 

SECCNC  STAGE  STATISTICS 


DFE 

MS£ 
C2  J 


VAfil AELE 

INTERCEPT 
8001  .dAKH  1 
eOO  l.dAfil-2 
800 1 .8ARH2 
CARH1 
CARH2 
CAPH2 

RESTRI CTICN 
RES7P ICTICN 
SciTS I CT  ICN 


PARAMETER 
EST  IMA  TE 

59.93901 1 

5. 2  e94ge 

C . 684^67 

-1.3  13084 

5 . 289486 

C. CS44&  7 

-1.3  16034 

1.764169 

1.079351 

-2.299714 


MC3EL:  ECU 

CEP     VAfi:      RPP 

SECCNO     STAGE    STATISTICS 


SS5 
DFE 
MSE 

OBJ 


VAfi I A8LE 

I NTEPCEP" 
EOO 1 . *PP 
TR 


PAR  AMETcP 

CF  ESTIMATE 

1        -233.167032 
1  1.771347 

1  0.167540 


354. 77  3  462 

IS 

I  c.  7C99  15 

224.255904 


STANCARC 
ERRCR 

0  .946525 
C.  248332 
1.072932 

1  .22  1517 
C. 348332 
1  .073922 
1  .2215  17 

1. 472674 
1  .007045 
2.20  7476 


1  1 . 162 14  1 

19 

0.537431 

12.46SS59 


STANO  AfiD 
EPRCR 

19  1.700170 
0. 46  120  7 
0. 095478 


F      RATIC 

A  P  P  R  C  X     P  fi  >  F 

R-SCLAfig 


77.27 

0  .  0  CC1 
0.9279 


APPPOX 

"  R ATIC 

PPCc>  |T  | 

53.3254 

0.000  1 

1 5.  13  52 

0.000  1 

C. 6272 

0.531 9 

-1  .079  1 

0.2943 

15. 1352 

0.000  1 

0.6272 

C.5319 

-  1  .0791 

0.2948 

1 . 1 979 

0.2465 

1. 0722 

0.2978 

-1  .0413 

0.3113 

F  RATIO 

23.36 

APPRCX  PP>F 

0.000  1 

R-SGLARE 

0.7733 

T     RATIC 

-1  .7380 
3.341 8 
1  .7547 


APPRCX 

ppcb> l t I 

0.0984 
0.0011 
0.0954 


MCCSL:     EG13 

oep  vap:  ffr 


S  SE 
DF£ 
MSE 
C3J 


4. 592652 

19 

C. 241  719 

6.019716 


F  RATIC 
APPRCX  PR>F 
R-SQLAPE 


2.83 
0  .0837 
0  .229e 


SECCNC  STAGE  STATISTICS 


VAfil AELt 

INTEPCEPT 

BOO  1  .OPP 
QhPL 


F 

PARAMETER 
EST  IVATE 

STANDARD 

ERRCR 

T  RATIC 

APPRCX 

PRCe>  |  T  | 

1 
1 
1 

7  .69151 1 
-  0.0  17253 
-0.019620 

2.567492 
G. 016C54 
0.01 0826 

2. 9957 

-  1 .0746 

-  1.  8  123 

0.0074 
0  .2960 
C.  C853 

MC3EL:     2015 
OEP  VAfi:   SFfi 

VAP I ABL3 

intercept 
mc 


SSE 

CFE 
MSE 

I  2.283325 

20 

0.6  14  166 

F  RATIO 

PRC8>F 

R-3QI.ARE 

2  .59 

0.  1235 
0.  1  145 

a 

PARAMETER 
EST  IMATE 

STANCAKD 
ERRCR 

T  RATIC 

PPC3>  I  T  | 

1 

1 

5  .  222622 

C.294  1  13 

C. 402385 
C. 245122 

1  3  .0065 
1.  6078 

0.000  I 
C.  1  235 
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MCOSL: 

oe?   va, 


3cci 

,Sp  = 


va« : -dL2 
IN7£"CbPT 

aoo  i  .uara  i 

eoo  i. c as  a  2 

CARA1 
CAPA2 


CF 


PiKiy«£T3P 
:3T  [MATE 

■52. 7  CHIOS 
■;j  .  <.  1200  6 
•2  J  .o70040 

•22.  i  i2cce 

•23.4  70040 


3~  VN2AP2 

5.  1  0729G 
1  .9387-40 
4  .952599 
1  .938730 
4  .955599 


T     =1TTC 

C9.0S72 
-17.12  11 

-* .a isd 

-17.1211 
-4.3  163 


P<=C3>|  7| 

C  .  OGCl 
C. 2021 
0.20  0  2 
0.2CQ  1 
0  .  2  C  2  2 


j*CC£l:    ECC; 
0£P  vap:  CPF 


VAP I  ASLE 

IN7ERC2P7 
300  1  .oAP6  L 
300  1  .2AP32 

ca^s  i 

C-AP32 


FJSAMeTsP 

C  F  CSTI'IAT; 

64.6  0  6647 

I . 7 054 01 

-0.00-.ac.l37 

1  .72540  1 

-0.  0Q44Q157 


S7ANC ARC 
EPPCP 

C.21 2C4  l 
0.  I2<.d87 
C.21CC27 
C  .  124887 
0.2  10027 


7  SATtC 

207.0453 
12  .0422 
-0.0212 
12.6422 
-0 .02  12 


4PP=CX 

=PC3>|  'I 

0  .  0  C  C  1 
0  .000  1 
C  .9  =  32 
COCO  1 
0.9322 


MC22L:     £C02 
DEP  vap :  pc> 


VAP.  I  A8L2 

CF 

PAPA..STH" 

35"IMATg 

S7AN0ARC 
£RRCP 

T    PATIC 

APPPCX 
PCCc>  | 7  ! 

:nt£=c=pt 
eoo  i  . 5AKC ; 

800 1  .BAPC2 
CAPC  1 
CARC2 

1 
1 

!_ 
1 

1 

S. 3  4 02 3 4 
-C. 777007 

3.477382 
-0.777007 

C.4  773e3 

0. 130204 
0.064S29 
C. 206260 
0. Oc-4929 
0. 206360 

22  .4099 

-1  1  .  5c53 
2  .2133 

-I  1  . 9652 
2.3155 

o .  o  c  c  : 

0  .000  1 
0.0223 
0.000  1 
0-0322 

— 

———————— 

MCCSL:            EC04 
OSP    VAP:     asp 

VAP : ABLE 

IN7EPCEP7 
300  1  .8AF0  1 

eooi  .a aro2 

CAPO  1 
CAP02 


CF 


F AP A N6TEP 
3S7  I*A7E 


1 

0  .0  10004 

1 

C.  CCC31  107255 

1 

-0  .GC332<;243 

I 

C.CuCdl  10725 

1 

-C.0CC829343 

37 ANCARC 

£PRCP 

0 .000389274.4 
0 .00  0161054* 
C.C0C678609  1 
C.00Q1MCS4A 
0.0006786091 


7     RA7IC 

25.6928 

5.02o0 
-I  .2221 

5.0240 
-1  .2221 


APPPCX 
PPC£>  I  7 | 

0.0001 
C.000  1 
0.2383 
0  .  0  0  0  t 
0.2333 


*CD£L  : 
D EP    VAP 


EC05 
CCA 


V  API  Aei_£ 

TN7EPCEP7 
200  1  .0ARE1 
300  I  .8Afic2 
CAPS  1 
CARS2 


P ARAM67EP 
CF  5S7..MA73 


0. C89202 
0.02=678 

■0.0027251  a. 
C. 029678 

•0. 0O272S1  4 


27AN0AR0 
ERR  CR 

0.00925050 1 
0.0  C4975C38 

0.0  1  1205 
0.0  04 975088 

Q. 01  1205 


7     RA7TC 

9.6429 

5  .  =565a 

—  0  .2  222 

5.9e54 

-0.2322 


JPPSCX 
=>=CS> I 7| 

0  .000  1 

a  .oco i 

0  .  7  a  2  0 
0  .000  1 
0.  7420 


MCCEL.:  3006 

D£P    vap:     uca 


VAP I AdLE 

CF 

337  IMA72 

37 AN CAPC 
3PPCP 

7    9 a7  ;c 

ARCRCX 

PSOc)  i  7  | 

IN7EPCEPT 
3  00  1  .aAnrl 
SCO  1  .2ARF 2 

1 

1 

C. 539437 

-0.041*87 
-C  .  023039 

0. 00970507 

0  .00529332a 

0.017392 

60  .72^9 
-7  .o392 
-2  .  !  239 

0  .  0  C  0  1 
0  .0  CO  1 
0  .0  ■Ad  2 

CARF  1 
CARF2 

1 
1 

-0.041 487 
-0  .023C89 

0.0  0  329  5  3  2'% 
0. 017392 

-7.6892 
-2. 1239 

0  -  0  C  0  1 
C  .  0  4  6  Z 
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Table  C.4 — Continued 


CCucL:     cCC7 
CfcP  vac:  CRP 


F  :k  iMi-T:r 

STANCARC 

4PCRCX 

vap i *eii         ;f     •  =  :  imat; 

cPR  en 

T   PAT!C 

=rOC> 1 T | 

INT;RCcPT 

--5  1.  cJ4«5  I 

»J  1.07  1222 

-  1 .2275 

0.  2C20 

RS 

-C  .  138090 

0.171024 

-0.9074 

0.43  12 

TB 

l     o .  2  l  e  'j  o  6 

C. 244662 

1.2672 

0.2222 

PS 

-20  .02'i06J 

7 . 24  7757 

-2.  7JF.9 

C  .  C ISC 

FPPL 

20.551010 

2. 72400? 

7.69  12 

C .000  I 

CRPL 

1  .  OCOOOO 

2.1641  5E-09 

99999. 0000 

O.O'IO  1 

model:    2CC8 

CEP  VAC  :  02F 

P»5JCF"P 

3""ANOAPO 

APDCOX 

VAR  I  A  BUS             Cf 

:        rSTiClTJ 

EF  =  CR 

T  PATIO 

P=C3> I T | 

INTERCEPT 

62. 7£6SeO 

c.  6446<;a 

97.2586 

0 .0001 

600 1  .dACG 1 

-4  ,o  65465 

0 .21 2718 

-22.0266 

0.  CCC1 

BOO  I  .8ARG2 

-0.  C05  07443 

0.29  742 1 

-0 .0 128 

0.9900 

8001  .babg: 

1        I.   1  =  5376 

C. 6072S5 

2.7152 

0 .0 ISd 

CARG  I 

-4  .665466 

0.212719 

-22. QJ'« 

COCCI 

CAPG2 

-0.005  0744  d 

0  .39  74  J  1 

-0.0  128 

0  .9900 

CARG3 

2.  lSS27e 

C.dO  7255 

2.7  192 

o  .o  ise 

mcdel:    eco1; 

CEP  VAS:  U2P 

P  AfiAMETER 

STANOAPO 

APPRCX 

VAR.  IA8LE            CF 

EST  IMATE 

EFRCR 

T  RAT  IC 

PPCB> I T | 

INTERCEPT 

5?. 92e012 

1. 036665 

57.d070 

0.0001 

BOO  1  .dAPH 1 

5.42  172<5 

0  .325554 

1 6.6646 

0. 0001 

800 1 .8AKH2 

0  .  75641  1 

0. 746745 

1  .0  129 

0  .227  1 

B001 .8ARH2 

-  1  .  746237 

C. e262e9 

-2 . 1082 

0  .0522 

CASH  1 

5.42  1729 

0.325554 

16.6646 

a .  o  c  c  i 

CAPH2 

0.7S641  1 

0.  746745 

I  .J  129 

0.2271 

CARH3 

-  1.  746227 

C. 62e289 

-2 . 1 082 

0  .0522 

wcdel:    EC1 1 

osp  var:  rfp 

PARAWFi'ER 

S"1  4NCAPD 

APPPOX 

VARIABLE             Cf 

=  ST  IMATE 

ERPCR 

T  RAT  in 

PR03> | T | 

INTERCEPT 

-266  .497752 

1  75.682224 

-1.5266 

0  .  1433 

800 1 . *PP              ] 

1.606  1 35 

0.4224  22 

2.   7932 

0.  CO  1  2 

Tfi 

0.  1 3539S 

0.087609 

I .5455 

0  .  123  7 

nccel:    ici: 
dep  vAR  :  fp; 


VAR i able 


P  aRAMgTER 

c5T  IMAT  = 


STANDAPO 
SRRCR 


APPRCX 
PRCe> I T | 


I NT3RCEPT 
800  1. ORP 
ORPL 


fCDEL:     EC1S 
DEP  VAR:  SFR 


7  .401588 
-0.01 982 1 
-0.016112 


1  .267  165 

0 . C0d54402 

0 .0  CS59890P 


5.94  11 
-2  .2C2  6 
-2.9829 


0.000  1 
0.0402 

C .0C95 


VAfi I  ABLE 


INTERCEPT 
MC 


OF 


p  AFAM=TEF 
ESTIMATE 


5 .29929 1 
C .350139 


ST  4NCAPC 
EPRCB 


0  .375774 
0  .225387 


14. 1023 
1 .5535 


AFFRCX 

p=oe> I t | 
o. :oci 

0.1360 
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Table  C.  7 — Root  M=an  Square  Errors 
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